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FOREWORD 

This  report  presents  the  results  of  the  second  and  final  phase  of  contract 

DOT-FH-1 1-8505  "Human  Factors  Requirements  for  Real-Time  Motorist  Information 

Displays."   It  describes  the  effectiveness  of  a  low-cost  motorist  information 
and  diversion  system  in  San  Antonio,  Texas. 

The  research  was  carried  out  by  the  Texas  Transportation  Institute.   It 
consisted  of  the  evaluation  of  several  low  cost  diversion  strategies.   The 
report  describes  the  hardware  and  operation  of  the  system.   The  problems 
encountered  and  recommendations  for  future  systems  are  also  discussed. 

Sufficient  copies  of  the  report  are  being  distributed  by  FHWA  Bulletin  to 
provide  a  minimum  of  two  copies  to  each  FHWA  regional  office,  one  copy  to  each 
FHWA  Division  office  and  one  copy  to  each  State  highway  agency.   Direct 
distribution  is  being  made  to  the  Division  offices. 


Charles  F.  Schef/eV 
Director,  Office  of  Research 
Federal  Highway  Administration 


NOTICE 

This  document  is  disseminated  under  the  sponsorship  of  the  Department  of 
Transportation  in  the  interest  of  information  exchange.  The  United  States 
Government  assumes  no  liability  for  its  contents  or  use  thereof.  The  contents 
of  this  report  reflect  the  views  of  the  contractor,  who  is  responsible  for  the 
accuracy  of  the  data  presented  herein.  The  contents  do  not  necessarily  reflect 
the  official  views  or  policy  of  the  Department  of  Transportation.  This  report 
does  not  constitute  a  standard, . specif ication ,  or  regulation. 

The  United  States  Government  does  not  endorse  products  or  manufacturers. 
Trade  or  manufacturers'  names  appear  herein  only  because  they  are  considered 
essential  to  the  object  of  this  document. 
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PREFACE 

This  report  is  the  culmination  of  Phase  II  of  a  research  project  enti- 
tled, "Human  Factors  Requirements  for  Real-Time  Motorist  Information 
Displays."     Documentation  of  Phase  I  is  presented  in  a  seventeen-volume  report 
entitled,  Human  Factors  Requirements  for  Real-Time  Motorist  Information 
Displays.     Titles  of  the  Volumes  are  shown  below. 

FHWA-RD 
Volume      Number    Title 

1  78-  5      Design  Guide 

2  78-  6      State  of  the  Art:     Messages  and  Displays  in  Freeway 

Corridors 

3  78-  7  Summary  of  Systems  in  the  United  States 

4  78-  8  Bibliography  and  Selected  Annotations:     Visual  Systems 

5  78-  9  Bibliography  and  Selected  Annotations:     Audio  Systems 

6  78-10  Questionnaire  Survey  of  Motorist  Route  Selection  Criteria 

7  78-11  Analysis  of  Driver  Requirements  for  Intercity  Trips 

8  78-12  Analysis  of  Driver  Requirements  for  Intracity  Trips 

9  78-13      A  Study  of  Physical   Design  Requirements  for  Motorist 

Information  Matrix  Signs 

10  78-14      Human  Factors  Evaluation  of  Traffic  State  Descriptor 

Variables 

11  78-15      Human  Factors  Evaluation  of  Route  Diversion  and  Guidance 

Variables 

12  78-16      Supplement  to  Traffic  State  Descriptors  and  Route  Diversion 

and  Guidance  Studies 

13  78-17  Human  Factors  Evaluationof  Audio  and  Mixed  Modal  Variables 

14  78-18  Point  Diversion  for  Special   Events  Field  Studies 

15  78-19  Freeway  Incident  Management  Field  Studies 

16  78-20  Feasibility  of  Audio  Signing  Techniques 

17  78-21  Driver  Response  to  Diversionary  Information 


n 


Part  I  of  this  Phase  II  report  is  an  Executive  Summary  in  which  the  back- 
ground of  the  project  and  the  results  are  summarized.  In  addition,  lessons 
learned  and  recommendations  for  other  motorist  information  and  diversion  pro- 
jects are  presented. 

Part  II  of  the  report  addresses  the  1-35  re-routing  in  San  Antonio  --  a 
measure  designed  to  re-route  non-local  unfamiliar  drivers.  Part  III  discusses 
the  implementation  and  effects  of  a  changeable  message  sign  system  designed  to 
divert  drivers  to  an  alternate  freeway  route  when  incidents  occurred  on  the 
primary  freeway.  Studies  discussing  the  effects  of  the  changeable  message 
signs  during  freeway  maintenance  operations  are  presented  in  Part  IV.  Part  V 
discusses  the  changeable  message  sign  hardware  and  operations,  and  highlights 
specific  problems  and  recommendations.  Data  acquisition  for  point  diversion 
projects  are  presented  in  Part  VI. 

The  study  was  sponsored  by  FHWA  and  conducted  by  the  Texas  Transportation 
Institute  in  cooperation  with  the  Texas  State  Department  of  Highways  and 
Public  Transportation  (TSDHPT),  the  San  Antonio  Police  Department  (SAPD),  the 
City  of  San  Antonio,  and  the  San  Antonio  Corridor  Management  Team. 

The  authors  acknowledge  the  San  Antonio  Corridor  Management  Team,  who 
conceived  and  implemented  the  Motorist  Information  and  Diversion  System. 
Special  acknowledgment  is  expressed  to  Messrs.  Milton  Dietert,  Gene  Sparks, 
Herman  Haenel,  Gilbert  Gavia,  Bill  Tucker,  Harvey  Beierle,  Carl  Wenzel ,  Frank 
Jacobs  and  Lawrence  Allen  of  the  TSDHPT,  and  Captain  Patrick  Nichols,  Inspector 
Elroy  Crenwelge,  Sergeant  Vick  Abate  and  Detective  George  Davis  of  the  SAPD 
for  their  assistance  in  this  research  effort. 


m 


CONTENTS 

Paje 

PART  I— EXECUTIVE  SUMMARY 

BACKGROUND  2 

Freeway  Facilities 2 

Traffic  Management  Approaches  4 

Evaluation  Approach  4 

SUMMARY  OF  RESULTS 8 

Route  Redesign at  ion 8 

Freeway-to-Freeway  Diversion 8 

Freeway  Maintenance  9 

LESSONS  LEARNED 9 

Re-Routing  Non-Local  Drivers  thru  a  Metropolitan  Area  9 

CMS  System  for  Point  Diversion  in  Urban  Areas  10 

Evaluation  Techniques  and  Hardware 14 


PART  II— RE-ROUTING  OF  1-35 

Chapter  1  -  INTRODUCTION  .  . 16 

Objective 16 

Sign  Changes 16 

Study  Approach .16 

Chapter  2  -  DIVERSION  EVALUATION 20 

Objectives 20 

Approach 20 

Results 21 

Chapter  3  -  OPERATIONAL  EVALUATION 23 

Objectives 23 

Approach 23 

Results  23 

Chapter  4  -  CHARACTERISTICS  OF  THRU  DRIVERS. 24 

Objectives 24 

Approach 24 

Results 24 

Problems  in  Route  Following 26 

CHAPTER  5  -  CHANGES  IN  TRAFFIC  VOLUMES 28 

Objectives 28 

Approach 28 

Results 28 


IV 


CONTENTS  (Continued) 

Page 

PART  III— CHANGEABLE  MESSAGE  SIGN  SYSTEM  FOR  FREEWAY  POINT  DIVERSION 

Chapter  6  -  OPERATIONAL  DEVELOPMENT 35 

Incident  Characteristics 35 

Matrix  Sign  Sites 35 

Existing  Traffic  Patterns  36 

Diversion  Strategies 40 

Messages 40 

Human  Factors  Evaluation  of  Messages 42 

Modification  of  Messages 43 

Operational  Control  Procedures 43 

Scenario  of  Operation  45 

Training  of  Operating  Personnel  45 

Chapter  7  -  TRAFFIC  DIVERSION 48 

Objectives 48 

Approach  and  Initial  Observations  48 

Results 53 

Discussion  of  Results  57 

Chapter  8  -  PERCEIVED  EFFECTIVENESS  OF  THE  CMS  SYSTEM 60 

Background 60 

Objective 60 

Approach 61 

Results 61 


PART  IV--CHANGEABLE  MESSAGE  SIGNS  DURING  FREEWAY  MAINTENANCE  OPERATIONS 

Chapter  9  -  INTRODUCTION 67 

Objectives 67 

Background 67 

Study  Development 67 

Chapter  10  -  LANE  CHANGE  STUDY 69 

Site  Description 69 

Study  Approach 69 

Results 69 

Chapter  11  -  DIVERSION  STUDY  75 

Site  Description 75 

Study  Approach 75 

Results 76 

Discussion 79 


CONTENTS  (Continued) 

Page 

PART  V— CHANGEABLE  MESSAGE  SIGN  SYSTEM  DESIGN  AND  OPERATIONS 

Chapter  12  -  CMS  HARDWARE  AND  OPERATION  DESCRIPTION,  PROBLEMS, 

AND  RECOMMENDATIONS 83 

Introduction 83 

Hardware  and  Operational  Description 83 

Problems  and  Recommendations 87 


PART  VI--DATA  ACQUISITION 

Chapter  13  -  DATA  ACQUISITION  FOR  POINT  DIVERSION 92 

Introduction 92 

Sign  Usage  Data 92 

Accident  Data 93 

Volume  Data 94 


REFERENCES 
REFERENCES 97 


APPENDICES 

APPENDIX  A  -  GUIDE  SIGN  MODIFICATIONS  FOR  1-35  RE-ROUTING 99 

APPENDIX  B  -  EVALUATION  OF  DIVERSION  DUE  TO  1-35  RE-ROUTING 110 

APPENDIX  C  -  QUESTIONNAIRES 127 

APPENDIX  D  -  CHARACTERISTICS  OF  THRU  DRIVERS  BEFORE  AND  AFTER 

1-35  RE-ROUTING 136 

APPENDIX  E  -  DRIVER  COMMENTS  ON  PROBLEMS  IN  FOLLOWING  FREEWAY  SIGNS.  .143 

APPENDIX  F  -  1-35  RE-ROUTING  EFFECTS  ON  FREEWAY  TRAFFIC  VOLUMES  - 

STUDY  APPROACH 146 

APPENDIX  G  -  SIGN  OPERATION  REVIEW  FOR  SAN  ANTONIO  POLICE  DISPATCHERS. 149 


VI 


Page 
APPENDICES  (Continued) 

APPENDIX  H  -  SOME  EFFECTS  OF  BOTTLENECKS 164 

APPENDIX  I  -  INCIDENT  CASE  STUDIES 168 

APPENDIX  J  -  REVISED  MESSAGE  GUIDE 174 

APPENDIX  K  -  LICENSE  PLATE  SURVEY  ACCURACY  -  A  CASE  STUDY  176 


vn 


LIST  OF  FIGURES 

Figure  Page 

1  Major  Highways  in  the  San  Antonio  Metropolitan  Area 3 

2  Routes  Before  and  After  Sign  Changes  5 

3  Changeable  Message  Signs  Used  in  San  Antonio  6 

4  Schematic  of  CMS  Motorist  Information  and  Diversion  System 

In  San  Antonio 7 

5  Locatons  of  Guide  Signs  on  Northbound  1-35  Approaching 
Diversion  Route 17 

6  Guide  Sign  Modifications  on  Northbound  1-35  Approaching 
Diversion  Route 18 

7  Weekly  Traffic  Volumes  on  1-35  NB  at  St.  Mary's 29 

8  Weekly  Traffic  Volumes  on  1-37  NB  South  of  1-35  Exit  .....  .30 

9  Differences  in  Average  Weekly  Volumes  Between  1976-77 

and  1977-78 32 

10  Location  of  Changeable  Message  Signs 37 

11  Data  Collection  Locations  for  License  Plate  0-D  Study 38 

12  Percentages  of  Potential  Diversion  Audience 39 

13  Portion  of  Messages  Developed 41 

14  Example  of  Message  Selection  Guide 44 

15  Scenes  from  Police  Training  Sessions 47 

16  Automatic  Counter  Locations 49 

17  Five-Minute  Volumes  for  Diversion  Analysis 52 

18  Summary  of  Accidents  and  Other  Incidents 54 

19  Use  of  Changeable  Message  Signs  on  1-35  in  San  Antonio 64 

20  Schematic  of  Work  Zone  (March  11,  1980) 70 


vm 


LIST  OF  FIGURES  (Continued) 

Figure  Page 

21  Hourly  Volumes  During  Study 71 

22  Volume  Changes  in  the  Median  Lane  Closed  for  Maintenance  ...  .73 

23  License  Plate  0-D  Study  Locations  (March  17-18,  1980) 77 

24  Lamp  Matrix  Changeable  Message  Sign 84 

25  Teletypewriter  with  Acoustical  Coupler 84 

26  Accident  Scene  From  San  Antonio  Police  Department 

Helicopter 85 

27  Locations  of  Sign  Changes  for  Northbound  1-35 

(Austin)  Traffic 99 

28  Locations  of  Guide  Signs  on  Northbound  1-35  Approaching 
Diversion  Route 100 

29  Guide  Sign  Modifications  on  Northbound  1-35  Approaching 
Diversion  Route 101 

30  Locations  of  Guide  Signs  on  Eastbound  US-90  Approaching 
Diversion  Route 102 

31  Guide  Sign  Modifications  on  Eastbound  US-90  Approaching 
Diversion  Route 103 

32  Locations  of  Guide  Signs  on  Eastbound  1-10  Along  Diversion 
Route. 104 

33  Guide  Sign  Modifications  on  Eastbound  1-10  Along  Diversion 

Route 105 

34  Locations  of  Guide  Signs  on  Westbound  1-10  Approaching 
Diversion  Route 106 

35  Guide  Sign  Modifications  on  Westbound  1-10  Approaching 
Diversion  Route 107 

36  Locations  of  Guide  Signs  on  Northbound  1-37  Along 

Diversion  Route 108 


IX 


LIST  OF  FIGURES  (Continued) 

Figure  Page 

37  Guide  Sign  Modifications  on  Northbound  1-37  Along 

Diversion  Route 109 

38  Origin-Destination  Stations  and  Areas  Considered  in 

Thru  Estimation Ill 

39  License  Plate  Recording  Stations  113 

40  Annual  Average  Daily  Traffic  on  1-35  at  St.  Mary's  Ave  ....  115 

41  Example  Cover  Letter  127 

42  "Before"  Questionnaire  for  Route  A  Motorists  128 

43  "Before"  Questionnaire  for  Route  B  Motorists  130 

44  "After"  Questionnaire  for  Route  A  Motorists  132 

45  "After"  Questionnaire  for  Route  B  Motorists 134 

46  Automatic  Counter  Locations 147 

47  Schematic  of  Freeway  Section .  165 

48  Traffic  Behavior  Near  a  Bottleneck 165 

49  Input-Output  Rate  Versus  Time 166 

50  Storage  of  Vehicles  on  a  Freeway 166 

51  Incident  Case  Study  1 168 

52  Incident  Case  Study  2 169 

53  Incident  Case  Study  3 170 

54  Incident  Case  Study  4 171 

55  Incident  Case  Study  6 172 

56  Incident  Case  Study  7 173 

57  A  Revised  and  Abbreviated  Message  Selection  Guide  Keyed 

to  Incident  Location  175 


LIST  OF  TABLES 
Table  Page 

1  Comparison  Between  Thru  Drivers  and  Total  Northbound 

Volumes 22 

2  Route  Choice  of  Thru  Drivers 22 

3  Assumed  Driver  Familiarity  Based  on  Frequency  of 

Route  Usage 25 

4  Route  Choice  by  Driver  Residence 27 

5  Results  of  Case  Study  Incidents 56 

6  Case  Study  Incidents  Summarized  by  Time  Period 58 

7  Changeable  Message  Sign  Use  During  First  Year 62 

8  Changeable  Message  Sign  Use  During  Second  Year 63 

9  Comparison  of  Recorded  License  Plates  and  Manual  Counts, 

Monday,  3/17/80~9:40pm-ll:00pm 78 

10  Comparison  of  Recorded  License  Plates  and  Manual  Counts, 
Tuesday,  3/18/80— 9 :00pm-l  1:00pm 78 

11  Percentage  of  Northbound  1-35  Traffic  Using  Primary 

and  Diversion  Routes 80 

12  Percentage  of  Thru  Traffic  Using  Primary  and 

Diversion  Routes 80 

13  Thru  Daily  Trips  Among  External  Stations  and  Internal 

Districts  Based  on  1969  0-D  Data 114 

i 

14  Comparison  of  License  Plate  Survey  and  Permanent 

Counter  Total  Volumes  Before  Sign  Changes 117 

15  Thru  Traffic  Before  Sign  Changes 119 

16  Percent  of  Thru  Drivers  by  Route  Before  Sign  Changes  120 

17  Comparison  of  License  Plate  Survey  and  Permanent 

Counter  Total  Volumes  After  Sign  Changes  121 

18  Thru  Traffic  After  Sign  Changes 122 

19  Percent  of  Thru  Drivers  by  Route  After  Sign  Changes 123 


XT 


LIST  OF  TABLES  (Continued) 
Table  Page 

20  Estimated  Volumes  of  Northbound  Thru  Traffic  on  Primary 

and  Diversion  Route  During  Study  Days 125 

21  Questionnaire  Response  Rates  137 

22  Assumed  Driver  Familiarity  Based  on  Frequency  of 

Route  Usage 139 

23  Distribution  of  Thru  Trips  Based  on  Driver  Residence  141 

24  Route  Choice  by  Driver  Residence  142 

25  Comparison  of  Manual  and  Computer  License  Plate 

Matchings 177 


xn 


<n 

1 


co 

CO 

< 

u 

«r 

lu 

2 
2 

CO 


CO 

K 
UJ 

> 

z 
o 
o 

UJ 

Si 

s 

X 

o 

£C 
CL 
Q. 


W 


UJ 


cctU  £<|,«! 


11*1  = 


3  <r  io  -  ie  uj 


si     s 

lie  -I 

Hill 


IS"! 


Ill 


(0 

—  CM  *  tO 

d  -'  6  n 


Ilii 

2  £  ® 
3 

sr 


■in 


1VI 


85 


8         s 


,! 


8 

o  cm  — 
on  — 


ill 

&2£ 


»?• 


O     a.    o-     —   r»     (A 


iiflii 


lO       <o  <o 

O    -  O  CM         tO 

CO  CM  -'  d  <g  — 


s      si 

i  S  S  £  *  & 
i  i  =  =  s  1 


£   E 


5   5 

§  i 


Or  o 


I 


■31 

U 


o 

o 


N 


8-- 


9-1- 


o 

•I 


o-_o 


K 


o 

</> 
<K 
UJ 

> 

z 
o 
o 


^      5 


o 

UJ 


CO 

UJ 


CO  v> 

UJ 

s 

I  i 

2        8 


CO 

z 
o 

CO 

tr 

UJ 

1 


UJ 

5 

z 

x 

o 

IT 
0. 

< 


1 


2<S 


il 


02 


JIM 


juijWiuiuii 


ink 


*l      CI 


llUlllllllllllUlllllillllllliml 


II       01        6 


HmiliiiJiiiJiiiilaiiLiniiilyiili 


iiiuiiiiii|iliiiiiiiiiliiiiliiiilim 


1U1 


miliui 


muni 


M3 


liiml 


nnm 


nw 


SEeI 


o   o   E  jc 


lO        0)  <0 
CMgQ- 


J  5  SL  E 


&6 


UJ 

tr 


TWflTFfl 


.Seel 


,i,lii,ri,|,i,i,r|,i,i,r|T 


TW 


nn>n 


ttw 


T|T 


nm 


T| 


TTTTTTT 


i 

E 
I 


£  M 


S  £ 


lit! 


%%\\ 


o>2«- 


is  d  d  cm  d       M 


>  3  S 

UJ 

to  s 


09   O  O 
CM 


O 

> 


8S 


ill "fel 

sec  II 

5  5*  £6 

EE=CSSSji.j) 

EEE~-^:~<jo 

*  MO  Kilt 

CM  *   0>   CO   O   N 

nioodddndd 


l§     • s*  * 

3    =     ft    e     O    —    JO    jQ 
■CCUftO,C«oo 


a  <*•  3  _ 

J,    <n   «    o  *  t  o  •"»    " 

2.    A-     U     ft    O-    §,£   -O 


Tjrp 


TJY 


I  INCHES 


1 


UJ 

<r 

I 

UJ 

z 


U 


CM 

i-  ro 

if 

si 

•o  -9 


i1 


XI  il 


PART       I 


EXECUTIVE  SUMMARY 


BACKGROUND 


In  1977  the  Texas  State  Department  of  Highways  and  Public  Transportation 
(SDHPT),  working  in  cooperation  with  the  San  Antonio  Corridor  Management  Team 
(CMT),  initiated  programs  aimed  at  alleviating  congestion  and  reducing  acci- 
dents on  1-35  in  San  Antonio  near  the  Central  Business  District  (CBD).  Among 
the  programs  were  the  development,  implementation,  and  demonstration  of  a  low- 
cost  motorist  information  diversion  system  (MIDS)  which  included  the  following 
phases: 

1.  1-35  route  change  around  the  CBD, 

2.  use  of  a  low  cost  changeable  message  sign  (CMS)  system  for  freeway 
diversion,  and 

3.  use  of  the  CMS  system  for  managing  traffic  during  freeway  mainten- 
ance. 

The  Texas  Transportation  Institute  (TTI)  was  contracted  to  evaluate  the 
effectiveness  of  the  above  three  programs  as  part  of  Phase  II  of  the  FHWA- 
sponsored  research  entitled,  "Human  Factors  Requirements  for  Real-Time  Motor- 
ist Information  Displays."  This  provided  an  opportunity  to  not  only  evaluate 
the  effectiveness  of  the  specific  traffic  management  approaches,  but  also  to 
study  the  institutional  and  operational  approaches  used  in  San  Antonio,  and  to 
develop  hardware,  operational  and  evaluation  guidelines  for  other  cities  in 
the  United  States  which  may  implement  and  evaluate  similar  type  systems. 

Freeway  Facilities 

The  major  freeway  routes  in  the  San  Antonio  metropolitan  area  are  shown 
in  Figure  1.  Interstate  35  is  the  primary  facility  in  the  Austin-Laredo  cor- 
ridor and  is  one  of  the  oldest  freeways  in  San  Antonio.  The  four-lane  section 
of  1-35  that  forms  the  north  and  west  boundaries  of  the  CBD  was  completed  in 
1957.  Considerable  congestion  and  relatively  high  accident  rates  are  experi- 
enced on  this  partially  elevated  freeway  section  that  has  capacity  restraints 
such  as  relatively  severe  alignment  and  narrow  right-of-way,  particularly  at 
the  structures  (1). 

Interstates  10  and  37  are  eight-lane  freeways  built  in  the  late  1960s 
with  higher  design  standards.  As  the  southern  and  eastern  boundaries,  they 
form  an  alternate  route  around  the  downtown  area.  This  route  is  approximately 
0.8  miles  (1.3  km)  longer  than  the  primary  route  [5.6  miles  (9.0  km)  vs.  4.8 
miles  (7.7  km)].  During  off-peak  periods  travel  time  is  lower  on  the  alter- 
nate route.  The  AADT  on  1-35  in  1977  was  approximately  79,230  in  contrast  to 
58,140  on  1-37. 


Figure  1  -  Major  Highways  in  the  San  Antonio  Metropolitan  Area 


Traffic  Management  Approaches 

As  interim  measures  prior  to  the  reconstruction  of  1-35,  the  San  Antonio 
CMT  decided  to  implement  and  test  low  cost  traffic  management  strategies  to 
alleviate  traffic  congestion  and  improve  safety  in  the  corridor.  The  first 
phase  of  the  traffic  management  plan  was  to  encourage  thru  drivers  to  use  the 
better  designed  alternate  freeway  route.  The  approach  taken  was  to  change  the 
routing  of  1-35  thru  San  Antonio  from  the  west  side  of  the  CBD  (primary  route) 
to  run  concurrent  with  I-10/I-37  on  the  south  and  east  sides  (diversion 
route).  This  was  accomplished  by  modifying  the  legends  on  the  freeway  guide 
signs  upstream  from  all  the  major  interchanges  shown  within  the  Study  Area  in 
Figure  1  and  on  the  I-10/I-37  diversion  route.  In  other  words,  signs  that 
showed  1-35  to  follow  the  original  route  were  changed  to  show  it  following  the 
diversion  route.  The  changes  were  designed  to  encourage  unfamiliar  non-local 
thru  drivers  to  use  the  new  route.  Figure  2  illustrates  the  concurrent  route 
markers  before  and  after  the  sign  changes.  The  sign  modifications  cost 
approximately  $20,000  and  were  funded  by  the  SDHPT. 

The  second  phase  of  the  management  plan  was  aimed  at  the  more  familiar 
drivers.  Two  trailer  mounted  lamp  matrix  CMSs,  available  from  previous  TTI 
research  studies,  were  installed  on  northbound  1-35  upstream  from  the  inter- 
change to  the  diversion  freeway  route.  The  signs,  shown  in  Figure  3,  were 
operated  by  the  San  Antonio  Police  Department  and  were  used  to  encourage 
drivers  to  use  the  diversion  freeway  route  during  incident  conditions. 

Figure  4  illustrates  the  CMS  system  operational  approach  used.  Surveil- 
lance was  accomplished  by  police  freeway  and  helicopter  patrols.  Incident  in- 
formation and  requests  for  sign  messages  were  radioed  to  a  police  dispatcher 
who  also  controlled  the  CMSs.  The  dispatcher  displayed  one  of  several  pre- 
determined messages  stored  in  the  CMS  computers  using  a  teletypewriter  input 
device  interconnected  with  the  signs  by  a  telephone  call-up  system.  Special 
telephone  cards  were  used  by  the  dispatcher  to  automatically  dial  the  signs. 

The  third  phase  of  the  study  involved  the  use  of  the  CMSs  to  manage  and 
divert  traffic  during  freeway  maintenance  operations  which  necessitated  lane 
closures. 


Evaluation  Approach 

The  effects  of  the  redesignation  of  the  1-35  route  were  measured  pri- 
marily by  license  plate  origin-destination  (0-D)  studies.  These  data  were 
supplemented  by  a  questionnaire  survey  administered  separately  by  the  SDHPT. 
The  effectiveness  of  the  CMS  diversion  system  was  studied  by  assessing  the 
change  in  traffic  volumes  on  the  freeway,  interchange  ramps,  and  the  primary 
off-ramps  leading  to  the  CBD.  Effectiveness  of  the  system  as  perceived  by  the 
police  patrols  was  evaluated  by  studying  the  willingness  of  the  police  to  use 
the  CMSs  during  incidents  over  a  period  of  two  years. 
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Figure  3  -  Changeable  Message  Signs 
Used  in  San  Antonio 
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Figure  4  -  Schematic  of  CMS  Motorist  Information  and 
Diversion  System  in  San  Antonio 


Lane  distribution  measurements  and  license  plate  0-D  data  were  collected 
to  evaluate  the  use  of  the  CMSs  during  freeway  maintenance. 


SUMMARY  OF  RESULTS 


Route  Redesignation 

Approximately  4500-4800  vpd  or  only  about  10-11%  of  the  northbound  1-35 
traffic  was  thru  traffic  (i.e.,  traveling  on  1-35  thru  the  CBD  area). 

Redesignation  of  the  1-35  route  resulted  in  a  6%  shift  in  thru  traffic 
from  the  primary  to  the  diversion  route.  Prior  to  the  sign  changes  22%  of  the 
thru  drivers  used  the  diversion  route.  This  increased  to  28%  after  the  sign 
changes.  The  6%  increase  represented  about  325  (northbound)  vpd. 

The  sign  changes,  as  expected,  did  not  alter  the  route  choice  of  local 
drivers  but  did  influence  non-local  thru  drivers.  Prior  to  the  sign  changes 
only  10%  of  the  non-local  thru  drivers  traveled  on  the  diversion  route.  After 
the  sign  changes  33%  used  the  route. 

The  small  shift  of  thru  traffic  (650  vpd)  was  attributed  to  the  fact  that 
79%  of  the  thru  motorists  were  local  drivers;  whereas  only  21%  were  non-local 
drivers.  Since  the  sign  changes  were  directed  at  the  non-local  drivers,  it 
was  estimated  that  the  potential  diversion  was  only  1500  vpd. 

Freeway- to- Freeway  Diversion 

Analysis  of  seven  incident  case  studies  for  which  all  relevant  data  were 
available  revealed  that,  on  the  average,  diversion  rates  when  the  CMSs  were 
used  were  higher  than  normal,  but  were  about  the  same  as  the  natural  diversion 
that  occurred  due  to  incident  congestion  when  the  CMSs  were  not  used. 

Two  factors  seemed  to  contribute  to  the  less  than  acceptable  results: 

1.  The  diversion  ramp  was  too  close  to  the  final  destinations  of 
divertable  (CBD-bound)  drivers.  Thus,  the  amount  of  time  saved  by 
taking  the  diversion  route  was  probably  not  sufficient  to  encourage 
diversion. 

2.  Drivers  were  using  routes  other  than  the  diversion  route  when  they 
saw  messages  on  the  CMSs.  Diversion  to  these  other  routes  were  not 
evaluated  as  part  of  the  point  diversion  project. 

Therefore  the  results  do  not  indicate  failure  of  the  MIDS,  but  the  fact  that 
the  advice  came  too  late  under  the  circumstances.  In  addition,  some  drivers 
knew  better  (in  their  viewpoints)  routes. 


Freeway  Maintenance 

Results  of  the  studies  during  nighttime  freeway  maintenance  operations 
revealed  that,  when  properly  located,  CMSs  are  effective  in  encouraging 
greater  numbers  of  drivers  to  leave  the  closed  lane  farther  in  advance  of  the 
cone  taper.  In  addition,  CMSs  can  be  used  effectively  in  diverting  traffic  to 
an  alternate  freeway  route  to  avoid  the  work  area  during  nighttime  freeway 
maintenance  operations.  Warning  and  diversion  messages  (i.e.,  messages  which 
specify  which  freeway  route  to  use)  were  displayed  alternately.  The  diversion 
messages  encouraged  15%  more  drivers  to  use  the  diversion  route. 


LESSONS  LEARNED 


The  program  in  San  Antonio  was  successful  from  several  standpoints. 
First  of  all,  it  gave  the  San  Antonio  CMT,  particularly  the  members  of  the 
Police  Department,  experience  with  operating  a  CMS  system.  It  will  be 
invaluable  in  the  future  when  more  elaborate  systems  are  designed  and 
implemented.  Secondly,  it  illustrated  how  interagency  teamwork  can  accomplish 
corridor  management  objectives.  Thirdly,  it  allowed  the  research  team  to 
observe  institutional,  hardware  and  operational  conditions  and  limitations. 
These  observations,  documented  in  this  report,  will  assist  other  agencies 
contemplating  the  installation  of  similar  systems. 

Although  the  amount  of  traffic  diversion  attributed  to  the  static  sign 
changes  and  the  CMSs  may  not  be  overly  impressive,  several  lessons  were 
learned  from  this  low  cost  MIDS  demonstration  project  which  will  be  beneficial 
to  others. 


Re-Routing  Non-Local  Drivers  Thru  a  Metropolitan  Area 

Re-routing  an  Interstate  radial  freeway  through  a  metropolitan  area  can 
be  achieved  without  creating  major  traffic  operational  problems.  The  primary 
target  group  for  this  change  is  non-local  thru  traffic.  Experiences  in  San 
Antonio  revealed  that  23%  more  non-local  drivers  used  the  diversion  route. 
However,  the  sign  changes  did  not  affect  the  route  choice  of  local  drivers. 

In  San  Antonio,  a  radial  freeway  route  (1-35)  was  changed.  This  was 
accomplished  by  switching  the  Interstate  shield  and  control  city  name  on  the 
guide  signs.  The  authors  speculate  that  non-local  thru  drivers  can  also  be 
encouraged  to  use  a  well -designed  loop  freeway  around  a  metropolitan  area  by 
"pulling"  the  drivers  thru  by  showing  the  control  city  route  to  follow  the 
loop  rather  than  the  radial  freeway.  In  other  words,  it  may  not  be  necessary 
to  change  the  route  of  the  radial  freeway. 

Experiences  in  San  Antonio  and  subsequent  studies  elsewhere  in  Texas, 
strongly  indicate  that  the  amount  of  thru  traffic  may  not  be  as  large  as  most 
local  highway  agencies  speculate.  Studies  revealed  that  only  about  10%  to  11% 


of  the  traffic  on  the  1-35  radial  freeway  was  thru  traffic,  and  this  was  on  a 
6-mile  (9.7  km)  length. 

CMS  System  For  Freeway  Point  Diversion  in  Urban  Areas 

Establishing  Amount  of  Potential  Divevtevs 

As  previously  noted,  the  amount  of  thru  traffic  in  a  metropolitan  area 
may  be  relatively  small  in  comparison  to  the  total  volumes. 

Before  implementing  a  MIDS,  agencies  should  conduct  thorough  0-D  studies 
to  determine  the  amount  and  destinations  of  traffic.  The  studies  will  aid  the 
agency  in  determining  the  audience  to  address  and  the  best  locations  for  the 
CMS.  ' 

Site  Selection 

Site  selection  as  used  here  refers  not  to  the  location  of  the  CMS  itself, 
but  to  that  part  of  the  freeway  system  to  which  the  CMS  is  addressed.  The 
Design  Guide  (2)  adequately  delineates  the  appropriate  criteria  for  sign  loca- 
tion. The  primary  considerations  in  site  selection  relate  to  that  freeway 
section  that  is  particularly  susceptible  to  capacity-reducing  incidents  and  to 
which  there  is  an  alternate  route.  Without  these  two  conditions,  the  expendi- 
tures for  a  CMS  installation  may  not  be  justified. 

There  are  other  considerations  to  be  made  in  site  selection.  The  human 
factors  Design  Guide  (2)  illustrates  those  considerations  under  which  substan- 
tial diversion  is  probable;  a  minimum  of  20  minutes  delay  (or  inversely,  time 
saved)  appears  to  be  a  fairly  reasonable  value. 

Recommend  at  ions-- In  selecting  a  site  for  implementation,  careful  consideration 
should  be  given  to  the  amount  of  time  that  can  be  saved  under  conditions  other 
than  a  total  freeway  blockage.  When  a  freeway  is  totally  blocked  substantial 
natural  diversion  will  likely  occur  in  the  absence  of  signing.  However,  when 
traffic  is  moving,  however  slow,  many  motorists  are  likely  to  stay  on  the  ori- 
ginal route  unless  convinced  that  considerable  time  can  be  saved  by 
diverting. 

It  is  suspected  that  such  a  phenomenon  played  a  significant  role  in  the 
effectiveness  of  this  study  installation.  Though  ideally  configured  with  re- 
spect to  alternate  routes,  the  primary  diversion  point  is  less  than  2  miles 
(3.2  km)  from  the  majority  of  the  downtown  exits.  Except  under  total  blockage 
conditions,  the  motorist  could  not  reasonably  expect  to  save  more  than  about 
ten  minutes  by  traveling  to  the  far  side  of  the  CBD  to  enter  from  the  alter- 
nate route.  Therefore,  it  is  speculated  that  the  majority  of  the  potential 
diverters  chose  to  wait  in  the  queue  and  to  take  their  normal  route  rather 
than  journey  into  less  familiar  territory  along  the  alternate  route. 
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System  Operation 

The  decision  was  made  by  the  local  highway  and  police  agencies  that  the 
San  Antonio  CMS  system  would  be  operated  by  the  San  Antonio  Police  Department 
(SAPD).  The  SAPD  administrators  and  supervisors  were  enthusiastic  supporters 
and  lent  considerable  encouragement  for  this  arrangement.  Many  institutional, 
personnel  and  funding  constraints  limited  the  capability  of  the  local  police 
to  staff  the  system  to  the  levels  needed  to  maintain  an  effective  system  dur- 
ing the  two  year  study.  However,  the  SAPD  believes  that  the  police  should 
have  operational  responsibiity. 

Recommendati ons--Some  local  police  departments  are  in  a  position  to  assume  re- 
sponsibility  for  operating  MIDSs  in  urban  areas.  When  the  system  is  to  be 
operated  by  local  or  state  highway  agencies,  the  police  should  be  involved 
with  the  planning  and  design  of  the  system,  and  must  be  an  involved  partner 
when  the  system  is  operated. 

Operator  Considerations 

Reports  (2,  3)   have  cited  factors  such  as  operator  boredom  as  critical  in 
the  effective  operation  of  CMS  systems.  Although  incidents  are  random  and 
there  may  be  long  intervals  when  the  signs  are  not  needed,  the  preparedness 
and  alertness  of  the  operator  must  not  significantly  diminish.  Operator  over- 
load, rather  than  boredom,  was  a  problem  in  San  Antonio. 

The  CMS  system  operator  in  San  Antonio  time-shared  responsibility  with 
dispatching  police  and  other  emergency  vehicles  to  locations  throughout  the 
city.  Needless  to  say,  during  the  peak  periods  when  the  need  for  the  CMSs  was 
the  greatest,  the  dispatcher  was  very  busy  responding  to  incidents.  Overload 
in  these  critical  situations  required  that  the  operator  prioritized  his  tasks. 
Operation  of  the  CMSs  was  of  lower  priority. 

One  major  problem  that  arose  in  San  Antonio  was  that  because  of  the  in- 
frequent use  of  the  signs  by  specific  dispatchers  due  to  shift  rotations 
(signs  are  most  frequently  needed  during  peak  periods)  and  other  factors,  the 
operators'  self-confidence  in  the  ability  to  operate  the  signs  dwindled  over 
time.  This,  in  part,  was  a  contributing  factor  to  the  decline  in  the  use  of 
the  signs  during  the  second  year  of  operation.  No  provisions  were  made  in  the 
research  project  to  retrain  the  operators. 

Recommendati ons--The  operator  should  be  able  to  devote  full  attention  to  CMS 
operation  during  the  peak  traffic  periods  when  incidents  are  most  likely  to 
occur.  During  off-peak  periods  other  related  tasks  are  advisable,  but  the 
operator  must  be  in  a  position  to  devote  full  attention  to  the  signs  when  an 
incident  occurs. 

The  operator  should  have  a  strong  working  knowledge  of  the  freeway  and 
streets  in  the  corridor  influenced  by  the  CMSs.  This  knowledge  will  permit 
him  to  more  efficiently  and  effectively  select  the  appropriate  information  op- 
tions for  display. 
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The  operator  must  be  well-trained  and  confident  about  his  ability  to  oper- 
ate the  system.  Recognizing  that  sign  usage  in  the  smaller  metropolitan  areas 
and  in  rural  areas  may  be  infrequent,  provisions  should  be  made  to  retrain  the 
operators  and  to  practice  sign  operation  under  simulated  conditions.'  The  CMS 
control  console  and  associated  hardware  and  software  should  be  designed  to 
allow  the  operators  to  go  through  the  actual  motions  of  operating  the  system 
and  seeing  the  messages  appear  on  the  confirmation  panel  without  the  messages 
actually  being  displayed  on  the  signs  in  the  field.  These  simulations  should 
be  conducted  with  a  supervisor  at  least  eyery   6  months.  The  operator  should  be 
encouraged  to  practice  the  simulated  operations  on  his  own  at  more  frequent 
intervals. 

Operator's  Control  Console 

The  remote  control  console  used  in  San  Antonio  was  a  teletypewriter  (TTY). 
Although  TTI  researchers  had  no  problems  with  the  TTY  while  operating  three 
trailer-mounted  CMSs  in  Dallas  ( £) ,  some  of  the  police  dispatchers  seemed  to  be 
apprehensive  about  the  equipment.  The  problem  was  compounded  by  the  need  to 
punch  a  "D"  on  the  keyboard  followed  by  a  number.  Some  of  the  dispatchers 
lacked  the  confidence  that  the  number  they  punched  would  display  the  desired 
message,  even  though  they  had  a  message  number  chart  available. 

There  were  also  many  occasions  of  dispatcher  apprehension  about  whether 
the  message  requested  was  actually  displayed.  Although  the  message  "D-number" 
was  printed  by  the  TTY  printer  when  a  message  was  displayed,  the  message  con- 
tent was  not.  This  added  to  the  operational  uncertainties. 

The  amount  of  operator  action  to  display  a  sign  message  after  a  sign  was 

"contacted"  was  excessive.  As  many  as  seven  buttons  on  the  keyboard  had  to  be 

depressed  merely  to  display  one  message  and  to  have  the  D-number  and  computer 
clock  time  printed. 

Recommend  at ions--A  TTY  remote  control  console  can  probably  be  effectively  used 
in  an  urban  area  CMS  system  to  control  up  to  three  CMSs  by  a  technically 
oriented  individual  provided  he  can  devote  full  attention  to  operating  the 
signs  needed  to  be  activated.  A  push  button  console  should  be  used  when  the 
system  is  operated  by  local  or  state  police  or  non-technical  personnel,  or  the 
system  has  more  than  three  CMSs.  The  push  buttons  should  contain  the  specific 
CMS  message  that  will  be  displayed  when  the  buttons  are  depressed. 

Positive  visual  message  verification  should  be  provided.  A  message  dis- 
play board  should  be  available  when  either  the  signs  are  operated  by  non-tech- 
nical personnel  or  when  there  is  a  large  number  of  signs  to  control.  The  mess- 
age display  board  must  allow  the  operator  to  quickly  identify  the  exact  message 
content  and  the  freeway  locations  where  messages  are  displayed.  Simultaneous 
display  of  the  information  is  desirable.  Technically  oriented  operators  prob- 
ably could  get  by  with  a  CRT  display  provided  the  number  of  signs  is  small. 
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Telecommunications 

As  previously  discussed,  the  operator's  console  (TTY)  in  San  Antonio  com- 
municated with  each  sign  by  way  of  a  telephone  dial-up  system.     This  required 
that  a  sign  had  to  be  called  before  a  message  could  be  displayed,  changed,  or 
removed.     Although  the  amount  of  time  required  would  not  be  excessive  and  the 
efficiency  of  operation  would  not  be  seriously  affected  for  a  two- sign  system 
with  an  experienced  operator,  problems  could  arise  with  larger  urban  area  sys- 
tems or  when  operators  are  not  proficient  in  the  use  of  the  CMS  system. 
Experiences  with  the  telephone  dial-up  system  in  San  Antonio  indicated  that  it 
was  quite  inadequate  for  the  occasional   user  who  had  a  multitude  of  other 
simultaneous  responsibilities. 

Recommendations--! t  appears  that  the  telephone  dial-up  system  may  be  adequate 
for  a  small   number  of  isolated  CMSs  in  urban  areas  or  for  small   CMS  systems  in 
rural   areas.     However,  most  urban  systems  should  employ  other  telecommunica- 
tions techniques  to  minimize  the  time  required  to  change  messages  on  the 
signs. 

Surveillance 

Surveillance  is  required  for  incident  detection  and  an  assessment  of  the 
operating  conditions  in  the  corridor.     Detection  of  incidents,  especially  dur- 
ing peak  periods,  posed  very  little  problem  in  this  study.     The  thoroughness 
with  which  the  SAPD  covered  the  freeway  system  with  ground  and  air  units  re- 
duced incident  detection  time  to  the  lowest  time  possible  without  extensive 
freeway  instrumentation.     For  maximum  effectiveness,   incidents  should  be  de- 
tected rapidly  enough  to  allow  the  initiation  of  diversion  before  the  exits  to 
alternate  route(s)   are  blocked  by  the  queue  from  the  incident. 

Accurate  identification  of  the  incident  location  is  also  critical. 
Selection  of  messages  is  highly  dependent  on  the  location  of  the  incident. 
The  more  specific  the  description  of  the  incident  in  the  CMS  messages,  the 
more  critical   the  identification  of  the  incident  location  becomes.     For 
example,  "ACCIDENT  AT  DURANGO"   requires  a  much  more  accurate  location  determi- 
nation than  does  "ACCIDENT  NORTH  OF  US-90." 

A  second  important  function  of  surveillance  is  to  provide  information 
about  conditions  in  the  corridor.     In  San  Antonio,  the  dispatcher/sign  opera- 
tor had  to  rely  on  those  officers  in  the  field  to  describe  the  conditions  on 
the  freeway.     The  patrol   officers  were  in  most  cases  so  busy  with  investigat- 
ing the  incident  and  moving  traffic,  that  they  were  not  able  to  provide  this 
information  to  the  operator.     Thus,  the  operator  was  required  to  "blindly" 
operate  the  CMS  without  having  the  assurance  and  confidence  that  the  messages 
he  displayed  were  the  correct  ones  for  the  existing  conditions.     Eventually, 
some  of  the  operators  decided  not  to  use  the  signs. 

Recommendations--Use  of  police  patrols  is  a  good  inexpensive  way  to  identify 
the  occurrence  and  location  of  freeway  incidents  in  small  metropolitan  areas. 
It  is  not  adequate  to  provide  detailed  information  concerning  the  traffic 
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conditions  on  the  freeway  so  that  the  operator  can  make  appropriate  decisions 
about  the  messages.  Electronic  detector  surveillance  complemented  with  closed 
circuit  television  are  necessary  parts  of  a  CMS  system  in  urban  areas. 

Evaluation  Techniques  and  Hardware 

Attempts  were  made  by  TTI  to  develop  a  simplified  evaluation  technique 
for  the  MIDS  which  could  be  easily  implemented  by  city  and  state  highway 
agencies.  Previous  studies  in  Dallas  (5_)  indicated  that  diversion  could  be 
measured  adequately  at  the  diversion  ramps.  Thus,  in  San  Antonio,  six  tem- 
porary automatic  counters  were  installed  at  key  freeway  and  ramp  locations. 
Counts  were  taken  in  five  minute  intervals  between  the  hours  of  7am  and  7pm. 
Information  extracted  from  police  accident  reports  and  CMS  teletype  printouts 
were  used  to  define  the  situations  and  time  periods  for  which  volume  data  were 
analyzed. 

The  volume  count  approach  to  measure  point  diversion  would  have  been  ade- 
quate in  San  Antonio  if  the  amount  of  diversion  was  higher  than  that  experi- 
enced. However,  it  is  not  sensitive  to  small  diversion  rates. 

Only  point  diversion  volumes  were  measured  in  this  project.  Experience 
in  San  Antonio  indicated  drivers  were  diverting  to  other  routes  that  were  not 
instrumented  with  volume  counters.  The  evaluation  plan  used  in  this  project 
did  not  provide  for  measurement  of  those  traffic  volumes  that  were  input  to 
and  output  from  the  freeway  system  at  all  locations  in  the  study  area. 
Neither  did  it  provide  for  measurement  of  detection  of  accidents  or  queueing 
in  terms  of  location  and  time. 

Recommendations--This  project  focused  on  point  diversion  and  did  not  measure 
the  total  effects  of  the  CMS  system.  Agencies  should  recognize  the  prob- 
ability of  peak-period  commuters  selecting  other  routes  than  that  intended  by 
the  agency.  Thus,  the  evaluation  procedure  should  include  an  assessment  of 
these  other  routes.  Detectors  placed  on  exit  ramps,  other  than  the  diversion 
ramp,  which  drivers  may  use  after  reading  the  CMSs  should  be  included  in  the 
evaluation  plan. 
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PART  II 


RE-ROUTING  OF  1-35 


15 


Chapter  1 
INTRODUCTION 


Objective 


The  purpose  of  the  1-35  route  change  was  to  encourage  thru  drivers  to  use 
the  diversion  freeway  route  which  had  considerably  higher  available  capacity 
than  the  primary  route.  The  objective  of  the  research  studies  were  to  deter- 
mine the  effectiveness  of  the  route  change. 

Because  of  funding  constraints  the  decision  was  made  by  FHWA  to  only 
study  the  northbound  direction  of  flow.  Effects  on  southbound  1-35  and  traf- 
fic from  1-10,  1-37,  and  US-90  were  not  directly  evaluated. 

Sign  Changes 

In  November  1977  the  SDHPT  modified  the  freeway  guide  signs  on  the  ap- 
proaches to  the  major  interchanges  near  the  CBD  (shown  previously  in  Figure  1) 
to  reflect  the  route  change.  In  other  words,  signs  that  showed  1-35  to  follow 
the  primary  route  were  changed  to  show  1-35  following  the  diversion  route. 

For  emphasis  and  consistency  in  signing  practice,  both  the  Interstate 
shield  and  the  destination  city  (Austin  for  northbound,  Laredo  for  southbound) 
were  changed.  Interstate  35  shields  and  the  Austin  or  Laredo  destinations 
were  added  to  all  appropriate  signs  along  the  I-10/I-37  route.  However,  the 
1-35  shields  were  not  removed  from  the  signs  located  on  the  primary  route  be- 
yond the  interchange  with  the  diversion  route  (i.e.,  the  primary  route  im- 
mediately adjacent  to  the  side  of  the  CBD).  Figures  5  and  6  illustrate  the 
changes  made  to  the  guide  signs  on  northbound  1-35  approaching  the  south  side 
of  the  diversion  route.  Sign  changes  on  the  other  freeway  links  for  north- 
bound 1-35  are  shown  in  Appendix  A. 

Study  Approach 

Studies  undertaken  to  evaluate  the  route  change  included  the  following: 

1.  estimation  of  the  number  of  potential  diverters, 

2.  estimation  of  the  northbound  and  southbound  thru  drivers  that 
diverted  soon  after  the  sign  changes, 

3.  identification  of  the  characteristics  of  diverting  drivers,  and 

4.  estimation  of  the  effects  of  the  sign  changes  in  terms  of  total 
volume  changes  on  the  primary  and  diversion  routes. 
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The  studies  included  a  combination  of  traffic  volume,  license  plate  0-D 
and  video  studies,  and  the  interpolation  of  existing  SDHPT  planning  survey 
data  (e.g.,  questionnaire  data)  reported  for  the  San  Antonio  area. 

Details  of  the  studies  and  subsequent  results  are  discussed  in  Appendices 
B  thru  F.  The  general  study  approach  and  the  more  relevant  results  are 
summarized  in  the  sections  that  follow. 
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Chapter  2 
DIVERSION  EVALUATION 


Objectives 


The  primary  objective  of  this  phase  of  the  study  was  to  determine  how 
many  drivers  on  northbound  1-35  shifted  to  the  diversion  route  as  a  result  of 
the  static  sign  changes.  Specifically,  the  objectives  were  to: 

1.  estimate  the  number  of  potential  diverters,  and 

2.  estimate  the  amount  of  diversion. 


Approach 

The  critical  task  in  this  phase  of  the  study  was  to  estimate  the  existing 
thru  volumes  on  the  primary  and  diversion  routes.  A  "thru"  trip  is  one  with 
an  origin  south  of  the  diversion  point  (i.e.,  south  of  the  I-35/I-10E  inter- 
change) and  a  destination  north  of  the  point  where  the  diversion  route  joins 
back  with  the  primary  route  (i.e.,  north  of  the  I-35/I-37  interchange  north- 
west of  the  CBD).  Estimation  of  the  existing  thru  volumes  involved  the  fol- 
lowing steps: 

1.  Determination  of  the  number  of  thru  drivers  from  previous  SDHPT  plan- 
ning survey  0-D  data; 

2.  Development  of  traffic  growth  factors  in  the  corridor;  and 

3.  Extrapolation  of  the  0-D  data  to  the  study  year  (1977). 

The  distributions  of  thru  drivers  by  route  (primary  and  diversion)  both  before 
and  after  the  sign  changes  were  obtained  from  license  plate  studies. 

An  estimate  of  the  daily  thru  traffic  on  each  route  was  obtained  using 
the  following  equation: 

Thru   _   /  Total  ]   v   /  Tnru   )  v  /  Seasonal  \ 
Traffic  ""   ^Traffic/      \  Fraction]     icorrection.j 

Total  traffic  is  the  24-hour  count  of  all  northbound  vehicles  taken  just 
upstream  from  the  diversion  point.  These  data  were  determined  from  automatic 
traffic  recorders  installed  for  this  study. 

Thru  fraction  is  the  proportion  of  the  total  thru  traffic  measured  on 
each  route.  This  proportion  was  obtained  by  recording  license  plates  of  all 
northbound  vehicles  upstream  from  the  diversion  point  and  at  the  ends  of  the 
primary  and  diversion  routes.  These  plate  numbers  were  then  matched  to  deter- 
mine the  total  number  of  thru  drivers  on  each  route,  and  subsequently,  the 
ratio  of  thru  drivers  to  total  traffic  and  the  amount  of  potential  diverters. 
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Seasonal  correction  factors  were  used  to  convert  the  measured  volumes 
into  annual  rates.  These  factors  were  computed  from  volumes  obtained  by  the 
SDHPT  from  permanent  traffic  counters. 

License  plate  data  collected  for  four  hours  during  the  off-peak  on  a  Fri- 
day and  four  hours  on  a  Saturday  both  before  and  after  the  sign  changes  were 
matched  using  existing  computer  routines.  Volumes  were  adjusted  to  reflect 
the  number  of  license  plates  that  were  not  read  by  the  observers  and  the  num- 
ber of  misread  license  plates.  (See  Appendix  K  for  discussion  of  a  license 
plate  0-D  accuracy  study.) 

Results 

A  comparison  of  the  total    thru  traffic  on  northbound  1-35  is  summarized 
in  Table  1.     The  results  show  that  10.2%  of  the  total   traffic  was  thru  traffic 
during  the  before  study  period.     After  the  sign  changes,  11.2%  was  thru  traf- 
fic.    Statistical   evaluations  revealed  that  the  percentages  were  not  signifi- 
cantly different  (p<.05). 

The  low  percentages  of  thru  traffic  (10.2%  and  11.2%)  were  somewhat  sur- 
prising, particularly  since  the  freeway  length  under  study  was  less  than 
6  miles  (9.7  km).     Estimates  furnished  by  the  SDHPT  from  planning  data  indi- 
cated that  the  percentage  of  thru  traffic  would  be  higher. 

Subsequent  license  plate  0-D  studies  conducted  by  the  SDHPT  in  other 
Texas  urban  areas  reconfirmed  the  fact  that  the  amount  of  thru  traffic  on  a 
section  of  urban  freeway  of  about  6  miles  (9.7  km)   is  much  lower  than  most 
highway  agencies  have  realized.     Traffic  interchanging  (exiting  and  entering) 
within  the  section  constitute  the  large  majority  (perhaps  over  80%)  of  the 
volumes  on  the  freeway.     These  findings  should  alert  other  agencies  to  the 
need  to  conduct  a  thorough  0-D  study  within  a  freeway  corridor  to  establish 
the  extent  of  the  divertable  traffic. 

Table  2  summarizes  the  route  choice  by  thru  drivers.     The  data  show  that 
prior  to  the  sign  changes,  22%  of  the  thru  drivers  used  the  diversion  route; 
after  the  sign  changes,  28%  used  the  diversion  route--a  6%  increase.     Further 
analysis  revealed  the  6%  increase  to  be  statistically  significant  (p<.05). 

Daily  and  seasonal   correction  factors  were  developed  from  historical 
traffic  volume  data  furnished  by  the  SDHPT  and  applied  to  the  license  plate 
0-D  data  to  estimate  the  amount  of  diverting  traffic  influenced  by  the  sign 
changes.     The  results,   shown  in  Table  B-8  in  Appendix  B,  revealed  that  an 
estimated  average  of  1,000  northbound  thru  vpd  used  the  diversion  route  prior 
to  the  sign  changes.     In  comparison,  1,325  thru  vpd  traveled  on  the  diversion 
route  after  the  sign  changes—an  increase  of  325  vpd  which  was  found  to  be 
statistically  significant.     If  one  can  assume  that  the  effects  of  the  sign 
changes  were  similar  for  southbound  traffic,   it  is  estimated  that  approxi- 
mately 650  thru  drivers  on  northbound  and  southbound  1-35  were  diverted  each 
day  as  a  result  of  the  static  sign  changes. 
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TABLE  1 

COMPARISON  BETWEEN  THRU  DRIVERS 
AND  TOTAL  NORTHBOUND  VOLUMES 


Thru  Drivers  on 

Thru  Drivers  on 

Total  Northbound 
1-35  Traffic 

Thru 

Tr 

afflc 

Primary 

Route 

Diversion 

Route 

at  Theo 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Before 

20880 

2130 

10.3 

1663 

8.0 

467 

2.2 

After 

19884 

2219 

11.2 

1605 

8.1 

614 

3.1 

TABLE  2 
ROUTE  CHOICE  OF  THRU  DRIVERS 


Thru  Drivers  on 

Thru  Drivers  on 

Total  Northbound 
Thru  Drivers 

Primary 

Route 

Diversion 

Route 

Number 

Percent 

Number 

Percent 

Before 

2130 

1663 

78 

467 

22 

After 

2219 

1605 

72 

614 

28 

*Data  were  collected  between  1 0 —  1 1  a.m.,  1-2  p.m.,  3-4  p.m.,  and  5-6  p.m.  Before  data  on  Friday, 
September  23,  1977  and  Saturday,  September  24,  1977;  after  data  on  Friday,  January  13,  1978  and 
Saturday,  January  14,  1978. 
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Chapter  3 
OPERATIONAL  EVALUATION 


Objectives 


The  objective  of  this  study  was  to  determine  whether  the  sign  changes  re- 
sulted in  any  operational  problems  at  the  major  interchanges  where  diverting 
drivers  had  to  make  changes. 

Approach 

Several   hours  of  video  recordings  were  made  at  the  first  two  critical    in- 
terchanges (i.e.,   I-35/I-10E  and  I-10E/I-37)  on  the  diversion  route.     The 
video  was  later  studied  to  identify  any  problems  such  as  erratic  maneuvers. 

Results 

Analysis  of  video  tapes  and  on-site  observations  identified  some  minor 
operational   problems  immediately  following  the  sign  changes.     At  the  primary 
diversion  point  (I-35/I-10E)  operation  was  satisfactory,  although  a  few 
drivers  were  observed  exiting  to  1-10  from  other  than  the  outside  freeway 
lane.     It  could  not  be  established  whether  these  erratic  maneuvers  were  due  to 
last  minute  decisions  or  to  confusion  due  to  the  sign  changes.     The  actual 
number  of  such  maneuvers,  however,  was  relatively  small.     It  is  concluded  that 
the  signing  changes  had  no  appreciable  effect  on  erratic  maneuvers  at  the  in- 
terchange. 

The  one-lane  [28-ft.  (8.5  m)  paved  surface]  connector  ramp  from  1-10 
eastbound  to  1-37  northbound  was  restriped  by  the  SDHPT  to  form  a  two-lane 
connection  to  increase  the  capacity  of  that  link  of  the  diversion  route.     A 
minor  operational   problem  was  noted  initially  on  the  eastbound  approach  where 
drivers  appeared  to  be  accustomed  to  the  one-lane  exit  that  had  existed  prior 
to  the  sign  changes.     This  complication  resulted  from  incomplete  removal   of 
the  old  pavement  markings.     Once  the  pavement  markings  were  completely  re- 
moved, drivers  began  using  the  two-lane  exit  fully  and  no  additional   problems 
were  exhibited. 
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Chapter  4 
CHARACTERISTICS  OF  THRU  DRIVERS 


Objectives 

The  objectives  of  this  portion  of  the  study  were  to  determine  the  charac- 
teristics of  thru  drivers  in  terms  of: 

1.  typical  origins  and  destinations,  and 

2.  familiarity  with  alternate  freeway  routes  around  the  downtown  area. 

Approach 

Questionnaires  were  mailed  before  and  after  the  sign  changes  by  the  SDHPT 
to  northbound  thru  drivers  identified  from  the  license  plate  studies.  The 
questionnaires  were  coded  by  study  time  periods  and  driver  travel  route.  The 
"after"  questionnaire  was  also  designed  to  query  drivers  as  to  whether  they 
had  any  problems  following  the  freeway  guide  signs  through  the  study  area. 
Copies  of  the  questionnaires  and  an  example  of  a  cover  letter  are  shown  in 
Appendix  C.  Detailed  results  are  discussed  in  Appendix  D.  The  more  relevant 
results  are  summarized  in  the  following  paragraphs. 

Results 

Frequency  of  Route  Usage 

Driver  familiarity  with  the  two  routes  in  San  Antonio  were  obtained  in- 
directly because  of  the  difficulty  in  obtaining  the  data  directly.  In  this 
study  "familiarity"  was  related  to  the  frequency  of  route  use.  Drivers  were 
asked  to  indicate  the  frequency  with  which  they  used  each  of  the  two  routes. 
They  were  categorized  by  very   familiar  (1-5  times  per  week),  familiar  (1-3 
times  per  month),  somewhat  familiar  (less  than  once  a  month),  and  unfamiliar 
(never  before).  Drivers  who  had  never  taken  the  route  were  considered  un- 
familiar with  the  route.  (It  is  recognized  that  there  are  some  drivers  who 
have  never  taken  a  route  but  may  be  somewhat  familiar  with  its  existence.)  A 
comparison  of  route  choice  by  familiarity  with  both  routes  is  shown  in  Table 
3.  The  data  revealed  that  after  the  sign  changes  there  was  a  5%  reduction 
(62%  vs.  57%)  in  the  proportion  of  thru  drivers  who  were  familiar  or  very 
familiar  with  both  routes,  coupled  with  a  corresponding  5%  increase  (9%  vs. 
14%)  in  the  proportion  of  drivers  unfamiliar  or  only  somewhat  familiar.  The 
freeway  sign  changes  were  directed  at  thru  drivers  less  familiar  with  the 
routes.  The  data  indicate  that  the  increased  use  of  the  diversion  route  after 
the  sign  changes  was  a  result  of  successfully  attracting  unfamiliar  drivers  to 
the  diversion  route. 
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TABLE  3 

ASSUMED  DRIVER  FAMILIARITY  BASED  ON 
FREQUENCY  OF  ROUTE  USAGE 


Before  Sign  Changes  (N=394) 


^^^     Primary 

^^^^^^  Route 

Very  Fami 1 i  ar  - 

Somewhat  Fami 1 iar 

Diversion      -\^^ 

Fam 1 1 i  ar 

Unfaml 1 iar 

Route          ^"-^ 

Very  Fam  i 1  i  ar  - 

62? 

8$ 

Fam  i  1  i  ar 

Somewhat  Fam  i 1 1 ar  - 

21$ 

9$ 

Untami 1 iar 

After  Sign  Changes  (N=405) 


^"""~^^    Primary 

^^-\^  Route 

Very  Fami 1 i  ar  - 

Somewhat  Fami 1 iar  - 

Diversion    ^~^\^ 

Fam  i  1  i  ar 

Unfaml 1 iar 

Route          ^"^^ 

Very  Fami 1 iar  - 

57$ 

8$ 

Fam  i  1  i  ar 

Somewhat  Fami 1 i  ar  - 

21$ 

14$ 

Unfami 1 iar 
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The  percentage  of  non-local   drivers  using  the  diversion  route  tripled 
after  the  sign  changes.     As  shown  in  Table  4,  prior  to  the  sign  changes  only 
10%  of  the  non-local   drivers  used  the  diversion  route;  following  the  re-rout- 
ing,  33%  used  that  route. 

Determination  of  local   or  non-local    status  was  made  by  obtaining  the 
registered  address  of  the  vehicle  owner  based  on  the  license  plate  number. 
Residences  inside  of  Bexar  County  were  categorized  as  local,  those  outside  the 
County  were  considered  as  non-local.     This  approach  probably  categorizes  many 
persons  from  adjacent  counties  as  non-local   who  may  be  as  familiar  with  the 
freeway  system  as  drivers  residing  in  San  Antonio.     Therefore,  the  shift  to 
the  diversion  route  by  truly  unfamiliar  drivers  was  probably  considerably 
higher  than  that  previously  discussed. 

The  relative  consistency  of  the  travel   patterns  of  local   drivers 
(Table  4)   reinforces  the  premise  that  the  target  group  in  the  re-routing  was 
the  unfamiliar/non-local   driver. 

Problems  in  Route  Following 

The  primary  difficulties  in  route  following  reported  by  the  questionnaire 
respondents  related  to  insufficient  time  to  execute  the  desired  maneuver. 
Strangely  enough,  the  bulk  of  these  complaints  came  from  drivers  recorded  on 
the  primary  route  after  the  sign  changes.     Their  complaints  were  not  highly 
specific,  therefore,   it  was  not  always  possible  to  tell  whether  they  wanted  to 
use  the  primary  route  and  were  upset  because  they  were  almost  trapped  into 
using  the  diversion  route,  or  whether  they  wanted  to  take  the  diversion  route 
and  could  not  get  to  it.     There  appears  to  be  no  significant  information  or 
guidance  to  be  obtained  from  these  responses.     A  summary  of  the  comments  is 
shown  in  Appendix  E. 
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Non- Local  Drivers 


TABLE  4 
ROUTE  CHOICE  BY  DRIVER  RESIDENCE 


Route 

S 

Before 
gn  Chan 

qe 

After 
Sign  Change 

Primary  Route 
Diversion  Route 

90? 
10? 

67? 
33? 

(N 

100? 
=  298) 

100? 
(N  =  317) 

Local  Drivers 


Route 

Before 
Sign  Change 

After 
Sign  Change 

Primary  Route 
Diversion  Route 

75? 
25? 

76? 
24? 

100? 
(N  =  1 103) 

100? 
(N  =  1166) 
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Chapter  5 
CHANGES  IN  TRAFFIC  VOLUMES 


Objectives 

The  purpose  of  these  studies  was  to  estimate  the  effects  of  the  sign 
changes  in  terms  of  total  volume  changes  on  the  primary  and  diversion  routes. 
Whereas  the  studies  previously  discussed  focused  on  northbound  1-35  unfamiliar 
drivers  traveling  thru  the  city,  this  study  was  designed  to  assess  additional 
impacts  such  as  the  increased  use  of  the  diversion  route  by  US  90  and  1-10 
traffic  and  by  local  drivers  who  now  recognized  the  attractiveness  of  the  new 
route. 


Approach 

The  overall  impact  was  assessed  by  analyzing  volume  data  from  four  auto- 
matic traffic  counters  located  within  the  study  area  (two  on  each  route). 
Details  are  presented  in  Appendix  F. 

Results 

The  route  redesignation  resulted  in  a  significant  reduction  in  traffic 
volume  on  the  primary  route  and  a  significant  increase  on  the  diversion  route, 
This  determination  was  made  by  comparing  traffic  volumes  during  the  year  of 
the  sign  changes  to  the  previous  year.  The  analysis  included  a  period  12 
weeks  prior  to  the  sign  changes  and  extended  to  12  weeks  after  the  changes. 
In  this  manner,  the  effects  of  natural  growth  in  traffic  were  separated  from 
the  changes  due  to  signing. 

The  analysis  period  was  somewhat  foreshortened  by  the  opening  of  the 
McAllister  Freeway  (US-281)  on  February  7,  1978.  This  facility,  an  extension 
of  1-37  toward  the  northern  part  of  the  city,  generated  more  than  40,000  vpd 
during  its  first  week.  Although  this  opening  may  have  affected  the  primary 
route  to  some  extent,  its  effect  on  the  diversion  route  was  substantial.  It 
was  therefore  deemed  appropriate  to  terminate  the  freeway  volume  analysis 
prior  to  the  opening  of  the  McAllister  Freeway  rather  than  attempting  to  sepa- 
rate the  various  effects. 

Figures  7  and  8  graphically  present  the  northbound  volume  trends  on  the 
two  routes  from  September  through  March  during  the  years  1976-77  and  1977-78. 
The  data  were  obtained  from  SDHPT  records  of  volumes  collected  at  the  north 
ends  of  both  routes.  The  1977-78  period  in  Figures  6  and  7  include  volumes 
before  and  after  the  sign  changes  and  a  period  following  the  opening  of  the 
McAllister  Freeway  (US-281). 
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The  following  general  observations  may  be  made  about  the  data  shown  on 
the  Figures: 

Interval  I   -  September  1,  1977  -  November  14,  1977 

Prior  to  the  changing  of  the  signs,  both  northbound  1-35 
and  1-37  showed  substantial  growth  in  1977-78  over  the 
same  time  period  in  1976-77.  As  this  growth  was  fairly 
consistent  at  both  locations,  there  is  little  reason  to 
expect  the  growth  rate  to  decline. 

Interval  II  -  November  15,  1977  -  February  7,  1978 

After  the  static  signs  were  changed  to  encourage  the  use 
of  the  diversion  route  by  thru  traffic,  there  was  a  marked 
decrease  in  traffic  on  1-35  (Figure  7).  The  reduction  was 
to  a  level  comparable  to  1976-77.  However,  the  volumes 
increased,  though  slightly,  on  1-37  (Figure  8).  These  in- 
creases appear  to  be  greater  than  that  experienced  in 
Interval  I.  Thus,  the  volume  trends  indicate  that  the 
sign  changes  reduced  volumes  on  1-35  and  increased  volumes 
on  1-37. 

Interval  III  -  February  8,  1978  -  March  31,  1978 

Although  these  volume  changes  offer  little  in  terms  of 
evaluating  the  effect  of  the  static  signs,  they  demon- 
strate the  necessity  to  terminate  the  analysis  at  the  end 
of  Interval  II. 

The  data  from  the  four  permanent  counters  were  further  analyzed  to  estab- 
lish  whether  the  volume  changes  were  due  to  the  sign  changes  or  whether  they 
were  due  to  normal  growth  (year-to-year  comparison)  and  seasonal  fluctuations 
(before-to-after  comparisons  for  both  years).  Difference  in  weekly  volumes 
for  the  two  years  was  chosen  as  the  measure  for  examination. 

Figure  9  shows  the  difference  in  average  weekly  volumes  at  all  four  per- 
manent count  stations  for  the  12  weeks  prior  to  the  sign  changes.  As  seen  in 
the  Figure,  all  stations  except  one  showed  average  weekly  increases  in  both 
directions. 

Figure  9  also  shows  the  difference  in  average  weekly  volumes  for  the  12 
weeks  after  the  sign  changes.  The  counters  on  the  primary  route  reflected 
smaller  differences  (or  decreases)  in  volume  in  both  directions  after  the  sign 
changes.  The  diversion  route  counters  showed  increased  differences. 

Statistical  analyses  indicated  that  the  effective  reduction  in  expected 
volumes  on  the  original  route  was  significant  (p<.005)  in  both  directions  at 
both  locations.  With  the  exception  of  westbound  volumes  on  1-10,  all  in- 
creases in  volumes  on  the  diversion  route  were  significantly  higher  (p<.005) 
than  that  experienced  prior  to  the  sign  changes. 

Although  the  analyses  did  not  permit  an  estimation  of  the  quantity  of 
diverted  traffic,  the  increase  in  average  weekly  volume  on  the  diversion  route 
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and  the  decreases  on  the  primary  route  may  give  some  indication  of  the  magni- 
tude of  the  diversion. 

The  net  two-way  annual  growth  on  the  primary  route  was  at  least  1000  vpd 
less  than  expected  after  the  sign  changes.  Similarly,  the  net  growth  on  the 
diversion  route  was  at  least  2600  vpd  more  than  expected.  Therefore,  it  can 
be  generally  assumed  that  the  shift  from  one  route  to  the  other  was  consider- 
ably greater  than  that  estimated  in  previous  sections.  However,  the  impetus 
for  the  shift  in  volumes  between  the  routes  cannot  be  unequivocally  ascribed 
to  the  signing  changes. 
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CHAPTER  6 
OPERATIONAL  DEVELOPMENT 

Development  of  the  CMS  operations  plan  evolved  over  a  period  of  several 
months  and  included  the  following  activities: 

1.  identification  of  incident  characteristics, 

2.  selection  of  sites  for  matrix  signs, 

3.  determination  of  existing  traffic  patterns, 

4.  development  of  diversion  strategies, 

5.  development  of  candidate  messages, 

6.  development  of  operational  control  procedures,  and 

7.  training  of  operating  personnel. 

Several  meetings  were  held  between  the  SDHPT,  SAPD  and  TTI  in  an  attempt 
to  develop  a  plan  that  was  both  acceptable  to  the  operating  and  enforcement 
agencies  and  incorporated  available  inputs  of  recent  CMS  operational  guide- 
1 ines. 


Incident  Characteristics 

To  ensure  that  the  actions  being  taken  were  directed  at  the  appropriate 
problems,  the  accident  histories  of  the  freeway  sections  involved  were  re- 
viewed. It  was  found  that  of  the  15  individual  freeway  segments  surrounding 
the  CBD,  the  top  8  in  terms  of  accident  rates  were  on  the  older,  narrower  sec- 
tion of  1-35.  In  1975,  these  segments  had  accident  rates  of  3.9  to  9.9  acci- 
dents per  million  vehicle-miles  (6.3  to  15.9  accidents  per  million  vehicle 
ki 1 ©meters) ( 6) .  This  finding  reaffirmed  the  judgment  of  the  CMT  in  singling 
out  the  old  section  of  1-35  for  alternative  treatments. 


Matrix  Sign  Sites 

The  locations  of  the  CMSs  were  very  important.  The  human  factors  Design 
Guide  (2)  emphasized  the  need  to  install  CMSs  far  enough  upstream  from  deci- 
sion poTnts  to  allow  the  driver  time  to  take  appropriate  action.  Yet,  care 
had  to  be  taken  not  to  locate  the  signs  so  far  from  the  diversion  point  such 
that  a  large  majority  of  the  traffic  would  enter  the  freeway  on- ramps  down- 
stream from  the  signs  and  would  not  be  able  to  read  the  message.  It  was  also 
important  for  the  signs  to  be  close  enough  together  for  the  information  on  the 
two  to  be  reasonably  connected.  Finally,  the  CMSs  had  to  be  integrated  into 
the  overall  freeway  signing  system  to  ensure  that  pertinent  information  on 
both  the  static  and  dynamic  signs  was  compatible. 

Site  selection  was  constrained  somewhat  by  the  need  to  provide  adequate 
sight  distance  to  the  signs  and  the  need  for  sufficient  right-of-way  between 
the  freeway  shoulder  and  frontage  road.  Horizontal  and  vertical  curvature  and 
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right-of-way  widths  placed  some  restrictions  on  the  site  selection.  Another 
influencing  factor  was  the  need  to  place  the  signs  downstream  from  the  Mili- 
tary Drive  on-ramp  which  carries  relatively  high  volumes  in  comparison  with 
the  freeway. 

The  sites  chosen  for  the  two  CMSs  are  shown  in  Figure  10.  The  first  sign 
seen  by  the  driver  was  approximately  2.2  miles  (3.5  km)  from  the  diversion 
point,  Sign  2  was  approximately  1.0  mile  (1.6  km)  downstream  from  Sign  1. 

Existing  Traffic  Patterns 

Knowledge  of  existing  traffic  patterns  of  northbound  1-35  motorists  was 
important  for  two  reasons.  First,  it  was  essential  to  know  the  destinations 
of  the  drivers  in  order  to  determine  the  potential  "audience"  for  diversion. 
Secondly,  it  was  important  to  establish  base  data  for  comparison  with  data 
collected  during  CMS  operations  to  determine  whether  significant  diversion  had 
been  achieved. 

The  initial  base  condition  study  was  a  limited  license  plate  0-D  survey 
conducted  in  January  1978.  This  study  involved  the  recording  of  license  plate 
numbers  of  all  northbound  vehicles  at  the  locations  shown  in  Figure  11  to 
establish  basic  travel  patterns  and  the  potential  diversion  audience. 

Assumptions  were  made  in  order  to  limit  the  study  size  and  conserve  on 
funds.  Although  there  are  several  entries  into  the  downtown  area  from  the 
west  side  of  the  CBD,  it  was  assumed  that  the  vast  majority  of  CBD-bound  driv- 
ers would  normally  take  the  exit  marked  "DOWNTOWN"  (Durango  Exit).   It  was 
also  assumed  that  the  westbound  1-10  traffic  would  not  have  significant  bear- 
ing on  the  analysis.  These  assumptions  later  proved  to  be  partially 
incorrect. 

The  decision  on  the  appropriate  diversion  audience  to  be  addressed  by  the 
CMSs  was  fairly  clear  after  the  first  set  of  license  plate  0-D  studies. 
Matched  license  plates  showed  a  distribution  of  destinations  for  the  potential 
diversion  audience  similar  to  that  shown  in  Figure  12.  Significant  destina- 
tions  included  downtown  (50%  of  the  matches)  and  thru  (42%).  Fort  Sam  Hous- 
ton, though  a  major  local  generator,  seemed  to  attract  little  traffic  from  the 
Laredo  corridor. 

Assumptions  regarding  the  accuracy  of  the  estimates  of  thru  traffic  and 
downtown  traffic  entering  from  the  east  side  of  the  CBD  on  Commerce  Street 
were  valid.  All  practical  options  had  been  covered.  However,  the  assumption 
that  Durango  Street  was  the  only  practical  west  side  entrance  was  less  sound 
because  there  were  other  off-ramps  between  the  I-35/I-10E  interchange  and 
Durango.  The  assumption  became  even  more  suspect  when  a  preliminary  analysis 
showed  only  small  volume  changes  on  the  Durango  ramp  when  the  CMS  displayed  a 
message. 

A  follow-up  0-D  study  was  conducted  in  March  1979  that  included  all  west 
side  CBD  entry  points  and  both  major  interchanges  on  the  west  side  of  the  CBD. 
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Figure  10 


.  Location  of  Changeable  Message  Signs 
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Figure  11  - 


Data  Collection  Locations  for 
License  Plate  0-D  Study 
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The  results  of  this  study  were  combined  with  the  previous  study  results  to  ob- 
tain a  better  picture  of  the  destinations  (in  terms  of  exit  locations)  of  the 
potential  diversion  audiences  (Figure  12b).  Approximately  40%  of  the  poten- 
tial diversion  audience  had  been  assumed  to  be  destined  for  downtown  (Figure 
12a).  In  actuality,  almost  60%  were  bound  for  the  CBD.  (Note:  the  percent- 
ages shown  in  Figure  11  only  include  destinations  of  northbound  1-35  drivers 
which  were  considered  to  be  the  potential  audience  for  diversion.  Routes  such 
as  eastbound  and  westbound  1-10,  westbound  US-90,  and  northbound  US-281  were 
not  considered  part  of  the  potential  audience). 

Diversion  Strategies 

Following  a  review  of  the  0-D  patterns  a  committee  consisting  of  SAPD, 
SDHPT,  and  TTI  representatives  mutually  agreed  to  address  only  the  traffic 
bound  for  downtown.  The  decision  was  based  primarily  on  two  considerations. 
First,  the  majority  of  incidents  occurred  during  the  peak  period  when  0-D  pat- 
terns showed  a  higher  percentage  of  downtown-bound  traffic.  Secondly,  it  was 
reasoned  that  familiar  drivers  traveling  thru  the  area  would  accept  a  message 
posted  for  downtown  traffic  as  also  applying  to  them. 

It  was  mutually  agreed  by  the  three  agencies  that  messages  would  be  dis- 
played only  during  incident  conditions.  Diversion  messages  would  be  displayed 
based  on  criteria  of  incident  and  end  of  queue  locations  (relative  to  the 
diversion  point)  set  forth  by  the  SAPD.  Messages  warning  drivers  of  incidents 
would  be  displayed  when  diversion  was  not  warranted.  Estimates  by  the  SAPD 
based  on  previous  experiences  indicated  that  the  CMSs  would  probably  be  used 
for  diversion  about  once  every  1  to  2  months. 

Messages 

Once  the  diversion  strategies  were  established,  messages  were  developed 
using  guidelines  provided  in  the  human  factors  Design  Guide  (2h  Physical 
limitations  on  the  matrix  signs  (i.e.,  2  lines,  13  characters  per  line)  re- 
quired the  use  of  compromise  abbreviations  or  phrases,  and  extensive  use  of 
message  chunking  and  sequential  display  mode. 

Message  length  was  limited  primarily  by  the  viewing  time  available  at 
freeway  speeds.  The  Design  Guide  reports  that  the  85th  percentile  legibility 
of  18-inch  (45-cm)  lamp  matrix  characters  was  approximately  650  feet  (195  m) . 
At  55  mph  (88  km/hr)  approximately  9  seconds  of  viewing  time  is  available. 
The  Design  Guide  suggests  that  about  two  seconds  should  be  allotted  for  each 
display  line  consisting  of  about  16  characters.  Therefore,  about  four  lines 
of  message  per  display  was  the  practical  maximum  at  the  higher  freeway  speeds. 
Because  the  existing  CMSs  contained  only  two  lines,  the  mc:  ages  were  chunked 
and  designed  to  be  displayed  sequentially  on  the  signs. 

A  portion  of  the  resulting  set  of  120  messages  is  shown  in  Figure  13. 
The  complete  set  of  messages  is  listed  in  Appendix  G.  Each  message  line  shown 
in  the  figures  represents  one  sequence  of  the  message. 
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OJ 

|3  =         Sign  1                 Sign  2 

Message 
Number 

in 

3 

1  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

21  ACCIDENT  AT  COMMERCE       ACCIDENT  AT  COMMERCE 

2                       SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

22  ACCIDENT  AT  COMMERCE       DOWNTOWN  USE  IH-10  /  IH-37 

AVOID  MAJOR  DELAY 

3  SLOW  TRAFFIC  AHEAD        SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP        BE  PREPARED  TO  STOP 

23  ACCIDENT  AT  COMMERCE       SLOW  TRAFFIC  AHEAD 
DOWNTOWN  USE  IH-10  /  IH-37  BE  PREPARED  TO  STOP 

4  ACCIDENT  AHEAD           ACCIDENT  AHEAD 

BE  PREPARED  TO  STOP       BE  PREPARED  TO  STOP 

24  SLOW  TRAFFIC  AHEAD         ACCIDENT  AT  COMMERCE 

BE  PREPARED  TO  STOP        DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

5  ACCIDENT  NORTH  OF  I-lOE    ACCIDENT  NORTH  OF  I-lOE 

25  ACCIDENT  AT  COMMERCE       ACCIDENT  AT  COMMERCE 

DOWNTOWN  USE  IH-10  /  IH-37  DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

6  SLOW  TRAFFIC  AHEAD        FWY  BLOCKED  AHEAD 
BE  PREPARED  TO  STOP       ALL  TRAFFIC  MUST  EXIT 
IH-10  EAST--US  90  WEST 

26  ACCIDENT  AT  DURANGO        ACCIDENT  AT  DURANGO 

7  FWY  BLOCKED  AHEAD         FWY  BLOCKED  AHEAD 
ALL  TRAFFIC  MUST  EXIT      ALL  TRAFFIC  MUST  EXIT 
IH-10  EAST— US  90  WEST     IH-10  EAST--US  90  WEST 

27  ACCIDENT  AT  DURANGO        DOWNTOWN  USE  IH-10  /  IH-37 

AVOID  MAJOR  DELAY 

8  FWY  CLOSED  AT  IH-10E--US-90  SLOW  TRAFFIC  AHEAD 
ALL  TRAFFIC  MUST  EXIT      BE  PREPARED  TO  STOP 

28  ACCIDENT  AT  DURANGO        SLOW  TRAFFIC  AHEAD 
DOWNTOWN  USE  IH-10  /  IH-37  BE  PREPARED  TO  STOP 

9  FWY  CLOSED  AT  IH-10E— US-90  FWY  CLOSED  AT  IH-10E--US-90 
ALL  TRAFFIC  MUST  EXIT      ALL  TRAFFIC  MUST  EXIT 

29  SLOW  TRAFFIC  AHEAD         ACCIDENT  AT  DURANGO 

BE  PREPARED  TO  STOP        DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

10  DOWNTOWN  USE  IH-10  /  IH-37  DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY          AVOID  MAJOR  DELAY 

30  ACCIDENT  AT  DURANGO        ACCIDENT  AT  DURANGO 

DOWNTOWN  USE  IH-10  /  IH-37  DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

11  ACCIDENT  AT  ST.  MARYS      ACCIDENT  AT  ST.  MARYS 

31  ACCIDENT  AT  ALAMO  ST.       ACCIDENT  AT  ALAMO  ST. 

12  ACCIDENT  AT  ST.  MARYS      DOWNTOWN  USE  IH-10  /  IH-37 

AVOID  MAJOR  DELAY 

32  ACCIDENT  AT  ALAMO  ST.       DOWNTOWN  USE  IH-10  /  IH-37 

AVOID  MAJOR  DELAY 

13  ACCIDENT  AT  ST.  MARYS      SLOW  TRAFFIC  AHEAD 
DOWNTOWN  USE  IH-10  /  IH-37  BE  PREPARED  TO  STOP 

33  ACCIDENT  AT  ALAMO  ST.       SLOW  TRAFFIC  AHEAD 
DOWNTOWN  USE  IH-10  /  IH-37  BE  PREPARED  TO  STOP 

14  SLOW  TRAFFIC  AHEAD        ACCIDENT  AT  ST.  MARYS 

B£  PREPARED  TO  STOP        DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

34  SLOW  TRAFFIC  AHEAD         ACCIDENT  AT  ALAMO  ST. 

BE  PREPARED  TO  STOP        DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

15  ACCIDENT  AT  ST.  MARYS      ACCIDENT  AT  ST.  MARYS 

DOWNTOWN  USE  IH-10  /  IH-37  DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

35  ACCIDENT  AT  ALAMO  ST.       ACCIDENT  AT  ALAMO  ST. 

DOWNTOWN  USE  IH-10  /  IH-37  DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

16  ACCIDENT  AT  IH-10  WEST     ACCIDENT  AT  IH-10  WEST 

36  ACCIDENT  AT  LAREDO  ST.      ACCIDENT  AT  LAREDO  ST. 

17  ACCIDENT  AT  IH-10  WEST     DOWNTOWN  USE  IH-10  /  IH-37 
]                          AVOID  MAJOR  DELAY 

37  ACCIDENT  AT  LAREDO  ST.      DOWNTOWN  USE  IH-10  /  IH-37 

AVOID  MAJOR  DELAY 

18  ACCIDENT  AT  IH-10  WEST     SLOW  TRAFFIC  AHEAD 
DOWNTOWN  USE  IH-10  /  IH-37  BE  PREPARED  TO  STOP 

38  ACCIDENT  AT  LAREDO  ST.      SLOW  TRAFFIC  AHEAD 
DOWNTOWN  USE  IH-10  /  IH-37  BE  PREPARED  TO  STOP 

19  SLOW  TRAFFIC  AHEAD         ACCIDENT  AT  IH-10  WEST 

BE  PREPARED  TO  STOP        DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

39  SLOW  TRAFFIC  AHEAD         ACCIDENT  AT  LAREDO  ST. 

BE  PREPARED  TO  STOP        DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

20  ACCIDENT  AT  IH-10  WEST     ACCIDENT  AT  IH-10  WEST 

DOWNTOWN  USE  IH-10  /  IH-37  DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

40  ACCIDENT  AT  LAREDO  ST.      ACCIDENT  AT  LAREDO  ST. 

DWTN  TRAFFIC  USE  I-10/I-37  DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

Figure  13  -  Portion  of  Messages   Developed 
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The  inclusion  of  "AVOID  MAJOR  DELAY"  in  some  of  the  messages  resulted  in 
an  extension  of  the  total  display  time  (6  lines  x  2  sec/line  =  12  seconds)  be- 
yond the  calculated  9  seconds.  The  longer  messages  were  designed  to  be  used 
only  when  traffic  was  moving  at  slow  speeds  due  to  the  incident  congestion. 
There  was  nothing  to  suggest  this  extension  caused  any  problems.  Accident  lo- 
cations referenced  to  the  major  cross-streets  were  included  because  previous 
experience  {2)   had  indicated  that  this  information  was  desirable  to  the 
driver. 

A  total  of  120  messages  were  initially  developed  by  TTI.  The  large  num- 
ber of  message  combinations  was  due  primarily  to  the  desire  to  display 
detailed  incident  location  information. 

CMS  operation  was  initiated  approximately  eight  months  after  the  1-35 
route  change  (changing  of  the  static  signs).  The  primary  route  is  now  US-81, 
while  1-35  follows  the  1-10  and  1-37  route  around  the  CBD.  Because  "1-35"  is 
a  shorter  and  clearer  term  than  "I-10/I-37",  it  was  hoped  that  "1-35"  could  be 
used  on  the  CMSs  to  identify  the  diversion  route.  A  study  conducted  by  TTI  at 
downtown  businesses  indicated  that  local  drivers  had  not  changed  their  ter- 
minology after  the  route  signing  was  changed.   It  was  therefore  decided  that 
the  use  of  "1-35"  might  be  confusing  to  the  local  drivers.  Data  from  that 
study  and  input  from  the  local  traffic  agencies  also  indicated  that  the  route 
should  be  referred  to  as  "IH-10/IH-37". 


Human  Factors  Evaluation  of  Messages 

A  limited  human  factors  experiment  was  conducted  to  identify  any  needed 
improvements  in  the  CMS  messages  with  respect  to  clarity  and  meaningfulness. 
Specifically,  ambiguities  or  confusion  in  the  messages  were  sought,  as  well  as 
indications  whether  thru  traffic  would  respond  to  messages  with  "Downtown" 
displayed  on  the  CMS.  A  total  of  19  subjects  were  tested.  All  subjects  were 
clerical  or  administrative  personnel  from  the  SDHPT  and  were  no  more  familiar 
with  dynamic  signs  than  an  average  driver  residing  in  San  Antonio. 

The  experiment  consisted  of  having  the  subject  drive  north  on  1-35  toward 
the  CBD.  Each  subject  was  given  one  of  two  destinations:  "Austin"  or  "Down- 
town". When  the  subject  was  within  legibility  distance  of  each  CMS,  flash 
cards  were  shown  containing  messages  that  would  normally  be  displayed  on  the 
sign,  and  were  held  up  for  about  the  same  amount  of  time  as  the  displayed  mes- 
sages. Route  choice  and  message  reconstruction  data,  as  well  as  pertinent 
comments,  were  recorded  for  each  subject. 

Of  the  9  subjects  given  "DOWNTOWN"  as  a  destination,  7  selected  the 
diversion  route.  One  of  the  two  subjects  who  chose  the  primary  route  showed 
substantial  confusion,  more  with  driving  on  the  freeway  and  general  orienta- 
tion than  with  the  dynamic  signs.  That  subject's  recall  of  the  dynamic  sign 
message  was  very   poor.  The  other  subject  said  he  knew  exactly  what  to  do,  but 
in  trying  to  follow  the  freeway  signs  ("like  a  good  subject")  he  ended  up  on 
the  wrong  route.  Three  of  the  nine  subjects  indicated  that  the  dynamic  sign 
messages  led  them  to  believe  that  some  mention  would  be  made  of  "IH-37"  on  the 
overhead  freeway  guide  signs  as  they  approached  the  diversion  point. 
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No  Austin-bound  subject  chose  the  primary  route,  although  one  subject 
chose  an  arterial  street  route  ("since  he  was  not  pressed  for  time."). 
Apparently  this  subject  had  already  made  his  decision  prior  to  seeing  the  CMS 
messages,  as  his  recall  of  them  was  very  poor.  Two  other  subjects  recalled 
only  the  action  portions  of  the  messages  ("USE  IH-10/IH-37"). 

Modification  of  Messages 

Of  the  19  subjects  tested,  16  (84%)  chose  the  correct  route.  In  the 
administrators'  opinions,  two  of  the  three  errors  in  route  choice  were  due  to 
extenuating  circumstances.  Therefore,  the  basic  messages  appeared  adequate  to 
convey  the  appropriate  diversion  route  to  both  downtown  and  thru  motorists. 
The  only  consistent  confusion  appeared  to  be  in  the  subjects'  expectation  of 
"IH-37"  in  some  form  on  the  freeway  guide  sign.  Rather  than  attempt  any  kind 
of  change  to  the  freeway  guide  signs,  the  CMS  messages  were  modified  to  read 
"IH-10  to  IH-37"  instead  of  "IH-10/IH-37". 

Ten  additional  subjects  were  tested  after  the  modifications.  All  ten 
chose  the  correct  route  and  expressed  no  problem  in  understanding  the  mes- 
sages. It  was  concluded  that  the  modifications  made  were  adequate. 

Operational  Control  Procedures 

As  described  previously,  the  decision  was  made  by  the  operating  agencies 
to  place  the  CMS  system  under  the  sole  control  of  the  SAPD.  Surveillance 
would  be  accomplished  by  regular  freeway  patrols  and  helicopter  patrols.  When 
an  incident  occurred,  a  patrol  officer  would  radio  the  police  dispatcher,  who 
in  turn  would  activate  the  CMSs.  Operation  of  the  system  was  incorporated 
within  the  normal  working  functions  of  existing  SAPD  personnel.  No  money  was 
available  for  additional  staff. 

Recognizing  the  normally  high  demands  placed  on  the  dispatcher  during  an 
accident  and  the  officers  at  an  accident  scene,  it  was  necessary  to  develop  a 
technique  to  streamline  the  effort  involved  in  selecting  and  displaying  mes- 
sages. The  technique  had  to  be  sensitive  to  the  criteria  of  uniformity  and 
consistency  of  messages  displayed,  while  minimizing  the  time  period  required 
for  the  officers  to  select  the  appropriate  messages.  It  was  the  intent  that 
the  message  selection  would  be  predetermined  to  the  satisfaction  of  the  SAPD 
and  SDHPT  supervisors  and  TTI.  A  formalized  operational  procedure  would  mini- 
mize the  chance  that  messages  would  be  selected  by  the  police  patrols  based  on 
unfounded  criteria. 

The  approach  developed  was  to  assign  a  number  to  each  message.  Matrices 
similar  to  those  shown  in  Figure  14  were  developed  for  peak  and  off-peak  per- 
iods and  for  complete  and  partial  freeway  blockage.  Figure  14  illustrates  the 
message  selection  matrix  for  peak  period  incidents  which  block  one  of  the  ope- 
rating lanes.  Matrices  for  peak  period  incidents  blocking  all  lanes  and  for 
off-peak  incidents  are  shown  in  Appendix  G. 
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MESSAGE  SELECTION 
PATROL  GUIDE 
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Figure  14  -  Example  of  Message  Selection  Guide 
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The  matrices  allowed  the  patrol  officers  and  dispatchers  to  select  num- 
bers for  the  appropriate  messages,  based  on  the  locations  of  the  accident  and 
the  end  of  queue.  Thus,  there  was  no  need  for  the  officers  to  remember  the 
message  list,  nor  was  it  desirable  that  they  individually  request  messages 
that  would  not  provide  a  consistent  and  uniform  display  of  message. 

Scenario  of  Operation 

The  proposed  scenario  of  operation  was  as  follows:  The  initial  activity 
of  each  day  was  for  the  dispatcher  to  make  telephone  contact  with  each  sign  to 
make  sure  it  was  operational  and  that  it's  timed ock  was  accurate.  When  an 
incident  occurred,  the  response  by  the  police  was  generally  as  follows: 

1.  Incident  identified  by  SAPD  air  or  ground  unit, 

2.  Unit  on  scene  notifies  dispatcher  of  needed  emergency  services  (ambu- 
lance, fire,  wrecker,  etc.), 

3.  Dispatcher  contacts  emergency  services, 

4.  Unit  scans  the  message  chart  for  the  appropriate  message  and  message 
number  and  requests  display  of  message  by  asking  for  the  message 
number, 

5.  Unit  begins  to  clear  incident  and  move  traffic, 

6.  Dispatcher  telephones  each  sign  and  displays  appropriate  messages  via 
teletype, 

7.  While  in  contact  with  each  sign  the  dispatcher  has  the  time  of  day 
and  the  message  displayed  (from  the  sign  computer's  internal  clock) 
printed  out  on  the  teletype  to  provide  an  accurate,  permanent 
record, 

8.  Unit  notifies  dispatcher  when  incident  cleared,  and 

9.  Dispatcher  blanks  signs  and  obtains  a  time  and  message  turn-off 
record  from  each. 

In  addition  to  the  teletype  hard  copy  record,  each  officer  requesting  a 
CMS  message  completes  an  in-house  report  of  conditions,  time  factors  and  mes- 
sages requested.  These  data,  along  with  the  tape  recordings  made  of  selected 
dispatcher/officer  communications,  provided  additional  documentation  of  inci- 
dent situations  studied  in  this  project. 

.Training  of  Operating  Personnel 

In  May  1978,  about  two  weeks  immediately  prior  to  the  start  of  the  CMS 
operations,  approximately  60  field  officers  and  dispatchers  from  the  Traffic 
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Division  of  the  SAPD  were  trained  in  the  operation  of  the  system  and  technique 
for  selecting  messages  (see  Figure  15).  It  was  envisioned  that  field  officers 
would  most  often  be  involved  in  message  selection,  and  dispatchers  in  system 
operation.  However,  it  was  felt  that  if  both  were  familiar  with  the  other's 
tasks  and  responsibilities,  coordination  would  be  enhanced. 

Field  officers  were  trained  to  use  information  regarding  time  of  day, 
number  of  lanes  blocked,  location  of  incident,  and  location  of  queue  to  deter- 
mine appropriate  message  numbers  from  the  matrices  shown  in  Figure  13  and 
Figure  G-2.  Dispatchers  were  trained  to  activate  the  appropriate  messages 
using  the  message  numbers  provided  by  the  field  officers.  The  several 
individual  mechanical  operations  associated  with  activating  a  message  received 
considerable  attention  in  the  initial  training  session. 

About  two  weeks  after  the  training  sessions,  a  follow-up  guide  was  pre- 
pared by  TTI  and  distributed  to  the  officers  in  each  of  the  two  groups.  This 
guide  emphasized:  1)  confidence  in  the  matrices  and  charts,  2)  credibility 
(accuracy  and  timeliness),  and  3)  feedback  to  TTI  on  how  well  the  system 
operates.  A  copy  of  the  guide  is  presented  in  Appendix  G. 
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Figure  15  -  Scenes  from  Police  Training  Sessions 
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Chapter  7 
TRAFFIC  DIVERSION 


Objective 


The  primary  objective  of  this  phase  of  the  research  was  to  evaluate  the 
effectiveness  of  the  CMS  system  in  diverting  traffic  to  the  diversion  freeway 
route  during  incident  conditions.  A  secondary  objective  was  to  develop  a 
practical  evaluation  approach  that  can  be  implemented  by  city  and  state  high- 
way agencies  in  evaluating  similar  CMS  systems  considering  the  normal  per- 
sonnel and  funding  restraints. 

Approach  and  Initial  Observations 

Collection  of  evaluation  data  posed  several  particularly  difficult  prob- 
lems. License  plate  0-D  surveys  have  been  found  to  be  a  most  accurate  method 
of  determining  effectiveness  of  real-time  displays.  This  type  of  study  is 
particularly  well -suited  to  predictable  occurrences  such  as  maintenance 
activities  and  special  events  (£,  5).  However,  the  random  nature  of  incidents 
precludes  keeping  a  license  plate  cTata  collection  crew  on  standby.  Therefore, 
a  network  of  traffic  volume  counters  was  employed  to  obtain  data  that  could  be 
used  in  the  evaluation. 

Analysis  of  data  from  previous  TTI  studies  in  Dallas  (5^  had  indicated 
that  for  point  diversion  during  special  events,  changes  in  ramp  volume  at  the 
diversion  point  were  directly  related  to  total  diversion.  These  relationships 
were  obtained  by  analyzing  volume  and  license  plate  0-D  data  collected  during 
weekend  special  events.  It  was  hoped  that  similar  results  could  be  obtained 
in  San  Antonio  from  strategically  locating  counters  on  the  primary  and  diver- 
sion routes.  It  was  initially  envisioned  that  volumes  on  the  diversion  free- 
way route  would  be  expected  to  increase  during  intervals  that  the  signs  were 
on,  while  volumes  on  the  primary  route  would  reduce. 

Traffic  counters  were  installed  on  1-35  at  one  freeway  location  upstream 
from  the  diversion  point,  on  three  interchange  ramps  along  the  diversion 
route,  and  on  the  Durango  Blvd.  and  Commerce  Street  exit  ramps  leading  to  the 
CBD  to  supplement  the  existing  four  permanent  SDHPT  counters  located  on  the 
primary  and  diversion  freeway  routes  (see  Figure  16).  The  six  new  counters 
were  modified  to  record  volumes  on  punched  tape  at  5-minute  intervals.  The 
SDHPT  permanent  counters  provided  hourly  counts.  As  a  means  of  conserving  on 
paper  tape,  battery  and  counter  life,  and  data  retrieval  and  processing,  time- 
clocks  were  installed  in  the  new  counters  to  record  volumes  only  from  7am  to 
7pm  rather  than  continuously.  Details  of  the  5-minute  counters,  their  in- 
stallation, data  collection  and  processing,  problems  experienced  and  recommen- 
dations for  future  installations  are  discussed  in  Chapter  13  entitled, "Data 
Acquisition  for  Point  Diversion". 
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Traffic  Counter 


Figure 


16  -  Automatic  Counter  Locations 
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Initial  plans  were  to  evaluate- the  volume  data  collected  from  all  6  of 
the  new  automtic  counters.  It  was  expected  that  significantly  high  diversion 
rates  would  be  reflected  by  lower  volumes  on  the  Durango  ramp  with  correspond- 
ing increases  on  the  diversion  route  interchange  ramps  (I-35/I-10E,  I-10E/I-37 
and  I-37/I-35)  and  the  Commerce  ramp.  Statistical  analyses  were  to  be  per- 
formed on  the  data  from  each  ramp  to  test  whether  there  were  differences  dur- 
ing each  incident  period  compared  with  periods  immediately  preceding  and 
following  it.  Evaluations  of  data  collected  during  selected  incident  cases 
coupled  with  a  thorough  assessment  of  available  data  resulted  in  changes  to 
these  plans.  In  addition  to  the  counter  problems  discussed  in  Chapter  13, 
volume  changes  on  the  Durango,  I-10E/I-37,  I-37/I-35  and  Commerce  ramps  were 
small  in  comparison  to  the  total  ramp  volumes,  Thus,  it  was  difficult  to 
determine  whether  the  changes  were  due  to  the  CMSs  or  to  random  variations  in 
traffic  demands.  Also,  the  counting  scheme  employed  did  not  provide  a 
"closed"  system  whereby  all  input  and  output  points  were  counted.  With  small 
changes  in  volumes  on  the  ramps  under  study,  it  was  difficult  to  trace  origins 
with  any  certainty.  For  example,  volume  increases  on  the  I-10E/I-37  ramp 
could  originate  from  northbound  1-35,  eastbound  US-90,  and  eastbound  1-10. 
The  amount  of  traffic  originating  from  1-35  could  not  be  determined. 

It  was  reasoned,  however,  that  if  there  indeed  was  diversion  due  to  the 
CMSs,  the  volumes  on  the  I-35/I-10E  diversion  ramp  would  be  the  most  sensi- 
tive to  any  changes  and,  coupled  with  the  freeway  counts  made  at  1-35  at  Theo, 
would  at  least  provide  some  trends  indicating  the  effectiveness  of  the  CMSs. 
Thus,  efforts  were  then  concentrated  in  analyzing  the  data  from  the  diversion 
ramp  and  the  freeway. 

In  contrast  to  the  Dallas  diversion  studies  (5j  where  congestion  did  not 
occur  between  the  CMSs  and  the  diversion  ramp,  queue  buildup  upstream  from  the 
diversion  ramp  due  to  incident  bottlenecks,  and  peak  period  demand-capacity 
characteristics  had  to  be  considered.  The  effects  of  capacity-reducing  inci- 
dents on  freeway  operating  characteristics  as  they  relate  to  the  San  Antonio 
study  are  briefly  discussed  in  Appendix  H. 

The  significant  deduction  from  Appendix  H  is  that  the  queue  buildup  had 
to  be  considered  to  accurately  measure  the  diversion  rate  on  the  I-35/I-10E 
diversion  ramp.  It  was  important  that  motorists  who  read  the  CMSs  and  took 
the  diversion  route  were  accounted  for  even  though  they  were  trapped  in  the 
backup  and  their  arrivals  to  the  diversion  ramp  were  delayed.  Therefore,  the 
analysis  period  for  each  incident  must  begin  prior  to  the  time  when  there  was 
a  signficant  reduction  in  volumes  upstream  from  the  diversion  ramp  compared  to 
normal  days  indicating  traffic  backup  from  the  incident.  The  analysis  period 
extends  to  the  time  when  congestion  clears  and  the  freeway  volumes  on  the  in- 
cident day  return  to  normal. 

Experience  {3_,   4_,  7)   has  shown  that  there  is  a  significant  number  of 
drivers  who  leave  the  freeway  (divert)  upstream  from  their  intended  off- ramps 
whenever  unusual  congestion  occurs  even  though  they  do  not  know  the  cause  of 
the  problem.  This  type  of  diversion  is  often  referred  to  as  "natural"  diver- 
sion and  in  many  cases  can  be  quite  high.  Therefore,  the  amount  of  natural 
diversion  had  to  be  considered  in  order  to  more  accurately  evaluate  the  true 
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effects  of  the  CMSs.  The  amount  of  natural  diversion  during  incidents  must  be 
subtracted  from  the  diversion  occurring  when  the  CMSs  were  used  to  determine 
the  "added"  effects  of  the  CMSs. 

The  available  data  were  studied  to  obtain  volumes  for  the  following  situ- 
ations: 

1.  for  the  incident  when  the  CMSs  were  used  (signed  incidents), 

2.  for  an  incident  occurring  at  approximately  the  same  time  of  day  and 
for  which  the  CMSs  were  not  used  (unsigned  incidents),  and 

3.  normal  volumes  for  a  comparable  period  which  consisted  of  the  average 
of  two  or  three  similar  days  (same  day  of  week)  within  two  or  three 
weeks  of  the  incident  day. 

A  potential  case  study  incident  was  identified  when  volumes  were  available  for 
all  three  situations.  Certain  criteria  had  to  be  met  before  the  data  from  a 
signed  incident  day  could  be  used  in  the  analysis.  These  were  as  follows: 

1.  The  incident  must  occur  at  or  downstream  from  the  diversion  point; 

2.  The  CMS  must  be  activated,  and 

3.  Information  concerning  the  incident  time  and  location  and  the  type 
and  time  of  message  must  be  available. 

Details  of  the  data  acquisition  are  discussed  in  Chapter  13. 

To  develop  a  data  base  for  the  amount  of  natural  diversion  for  each  case 
study  incident,  attempts  were  made  to  find  a  day  when  the  CMSs  were  not  used 
during  an  incident  that  occurred  at  approximately  the  same  time  of  day,  week- 
day, and  within  two  or  three  weeks  from  the  case  study  incident.  As  would  be 
expected,  there  was  some  difficulty  in  finding  such  data  for  all  case  study 
incidents.  However,  as  a  minimum,  data  were  found  for  incidents  occurring 
during  the  same  year  and  month  and  reasonably  close  to  the  same  time  of  day. 
In  most  cases,  data  for  unsigned  incidents  were  available  on  the  same  weekday 
as  the  case  study  incidents. 

Normal  traffic  volume  data  base  was  developed  for  each  case  study  inci- 
dent by  averaging  data  from  two  or  three  days  obtained  from  the  same  time 
period,  weekday,  month  and  year  as  the  case  study  incident.  Care  was  exer- 
cized to  insure  that  non- incident  days  were  selected. 

The  analysis  process  used  in  this  project  to  evaluate  the  diversion  in- 
fluenced by  the  CMSs  is  illustrated  in  Figure  17.  Five-minute  freeway  volumes 
obtained  from  the  automatic  traffic  counters  located  on  1-35  at  Theo  (just  up- 
stream from  the  I-35/I-10E  diversion  ramp)  and  on  the  diversion  ramp  are  shown 
plotted  for  one  of  the  case  study  incidents.  Similar  data  for  the  other  six 
case  study  incidents  are  presented  in  Appendix  I. 

An  examination  of  the  freeway  volumes  in  Figure  17  shows  that  at  time 
t0  the  volumes  are  approximately  the  same  for  all  three  of  the  situations. 
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After  the  incident  at  time  tj,  traffic  was  stored  due  to  the  demands  exceed- 
ing the  incident  bttleneck  capacity.  As  the  queue  propagated  upstream  and 
passed  through  the  I-35/I-10E  interchange  and  then  over  the  freeway  detectors 
at  Theo  Ave.,  the  volumes  significantly  reduced.  The  drop  in  volumes  repre- 
sents the  queue  buildup  on  the  freeway.  When  this  occurred,  drivers  destined 
for  the  1-35/ I-10E  diversion  ramp  (both  those  who  normally  use  the  ramp  and 
those  who  intended  to  use  it  because  of  the  congestion  and  CMS  messages)  were 
delayed  in  both  time  and  space.  When  the  incident  vehicles  were  removed  from 
the  freeway  the  capacity  increased  and  the  buildup  dissipated.  This  is  illus- 
trated by  the  volume  increase  at  the  freeway  counter  station.  Once  the  queue 
dissipated  from  the  interchange  area,  the  volumes  returned  to  those  normally 
expected  for  the  particular  time  of  day.  The  volumes  for  all  three  situations 
are  approximately  equal  at  time  t2- 

In  order  to  account  for  the  traffic  volume  using  the  I - 35/ 1- 10  diversion 
ramp  for  all  three  situations,  the  analysis  included  the  time  period  from  t0 
to  t?. 

Because  traffic  demands  are  likely  to  be  different  for  each  of  the  three 
situations  due  to  normal  traffic  variations,  a  direct  comparison  of  volume 
changes  on  the  diversion  ramp  for  each  of  the  three  situations  is  inappro- 
priate. To  account  for  normal  traffic,  variations,  volumes  on  the  I-35/I-10E 
ramp  were  converted  to  percentages  of  the  1-35  freeway  demand  volumes  for  fur- 
ther analysis.  A  basic  assumption  underlining  this  approach  is  that  the  per- 
centage of  1-35  drivers  who  would  normal ly  use  the  I-35/I-10E  ramp  between 
times  t0  and  t2  is  the  same  each  non-incident  day.  Increases  in  traffic 
percentages  on  the  diversion  ramp  would  be  attributed  to  the  incident  and  the 
CMSs. 

Results 

Case  Study  Incidents 

Figure  18  is  a  summary  of  the  accidents  and  other  incidents,  CMS  usage, 
and  resulting  case  study  incidents  that  were  available  for  study.  Details  of 
the  CMS  usage  are  discussed  in  Chapter  8,  "Perceived  Effectiveness  of  the  CMS 
System." 

As  shown  in  Figure  18,  536  accidents  occurred  on  northbound  1-35  in  the 
study  area  during  the  two-year  study  period;  422  accidents  occurred  at  or 
downstream  of  the  diversion  point.  The  CMSs  were  used  during  15  of  these 
accidents.  Diversion  messages  were  displayed  8  times  and  warning  messages 
during  7  incidents.  Further  analysis  revealed  that  the  necessary  data  for 
more  detailed  analysis  was  available  for  only  4  case  study  incidents.  Diver- 
sion messages  were  used  during  3  of  these  cases  and  a  warning  message  during 
the  remaining  one  case. 

The  CMSs  were  also  used  during  7  non-accident  incidents  (e.g.,  spilled 
load,  high  water,  stalled  vehicles,  etc.).  The  data  sets  were  complete  for  3 
of  these  cases.  Therefore,  data  sufficient  for  detailed  analysis  of  diversion 
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Figure  13  -  Summary  of  Accidents  and  Other  Incidents 


rates  were  available  for  only  7  case  study  incidents--4  accident  cases  and  3 
non-accident  cases. 

Results  of  the  seven  case  study  incidents  are  summarized  in  Table  5. 
Included  in  the  Table  is  the  percent  of  northbound  1-35  drivers  (counted  at 
Theo  Ave.)  that  used  the  diversion  ramp:  1)  during  normal  conditions,  2)  dur- 
ing an  incident  when  the  CMSs  were  not  used  (unsigned  incident),  and  3)  during 
the  incident  when  the  CMSs  were  used  (signed  incident).  Also  shown  are  the 
results  of  the  Z-test  of  Proportions  analyses  [Q)   testing  differences  between 
each  of  the  three  situations. 

The  results  reveal  that  for  five  of  the  seven  cases  (#1,  2,  5,  6,  &  7), 
the  percent  of  traffic  using  the  diversion  ramp  during  the  unsigned  incidents 
(natural  diversion)  was  significantly  higher  (p<.05)  than  normal  (on  days  when 
incidents  did  not  occur).  In  four  (#1,  2,  5,  &  6)  of  these  cases,  the  diver- 
sion rate  during  the  signed  incident  was  also  significantly  higher 
(p<0.5)  than  normal.  Of  the  five  incident  cases  in  which  either  the  unsigned 
or  signed  incidents  yielded  greater  diversion  rates  than  what  would  normally 
be  expected,  only  two  of  the  cases  had  significantly  higher  diversion  rates 
for  the  signed  incident  than  the  unsigned  incident;  in  two  other  cases  the  un- 
signed incident  yielded  higher  diversion  rates  than  the  signed  incident.  In 
the  remaining  case  the  diversion  rates  were  the  same  for  both  the  signed  and 
unsigned  incidents. 

Combining  the  data  for  all  seven  incidents,  the  results  revealed  that  on 
the  average  25%  of  the  northbound  1-35  traffic  used  the  diversion  ramp  during 
the  normal  periods,  whereas  27%  and  28%  of  the  traffic  used  the  ramp  during 
the  unsigned  and  signed  incidents.  Statistical  analyses  indicated  that  the 
diversion  during  the  unsigned  incidents  was  significantly  higher  (p<.05)  than 
normal  and  the  diversion  during  the  signed  incidents  was  significantly  higher 
than  both  the  normal  periods  and  the  unsigned  incidents. 

An  examination  of  Table  5  shows  that  in  only  one  of  the  case  study  inci- 
dents did  the  amount  of  the  percentage  increase  in  diversion  appear  to  be  high 
numerically.  During  incident  case  #1  when  the  CMSs  were  operating,  32%  of  the 
traffic  used  the  diversion  ramp.  This  was  significantly  higher  than  both  the 
22%  diversion  during  the  unsigned  incident  and  19%  during  the  normal  period. 
The  incident,  however,  was  different  from  the  others.  The  accident  occurred 
on  the  median  lane  just  upstream  from  the  diversion  ramp.  Blockage  of  the 
lane  at  that  point  may  have  indirectly  caused  several  drivers  in  the  right 
lane  to  be  trapped  because  of  the  lane  drop  and  forced  onto  the  diversion 
ramp.  This  may  have  resulted  in  the  relatively  high  percentage  of  traffic 
using  the  ramp  in  comparison  to  the  unsigned  and  normal  periods. 

An  analysis  of  the  six  incident  cases  excluding  #1  revealed  diversion 
percentages  of  25%,  27%,  and  27%  for  the  normal,  unsigned,  and  signed  inci- 
dents. The  2%  increase  in  diversion  during  the  signed  and  unsigned  incidents 
was  significantly  higher  than  normal  (p<.05).  However,  as  the  data  show, 
there  was  no  difference  in  diversion  rate  between  the  signed  and  unsigned  in- 
cidents. Therefore,  on  the  average,  use  of  the  CMSs  during  the  incidents  did 
not  result  in  greater  use  of  the  diversion  route  than  the  amount  of 
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natural  diversion  that  occurred  without  the  signs.  In  addition,  although  the 
2%   increase  is  statistically  significant,  it  is  insignificant  from  a  freeway 
operations  standpoint. 

The  data  were  further  analyzed  to  determine  whether  diversion  rates  were 
affected  by  the  period  of  day  when  the  incidents  occurred.  Table  6  is  a  sum- 
mary of  the  case  study  incidents  grouped  by  peak  and  off-peak  periods. 

The  results  reveal  that  diversion  rates  were  significantly  higher  during 
the  unsigned  and  signed  peak  period  incidents  in  comparison  to  what  would  nor- 
mally be  expected.  However,  no  differences  were  found  in  the  diversion  rates 
during  the  off-peak  periods. 

A  review  of  Table  6  also  reveals  that  when  incident  Case  #1  is  excluded 
from  the  peak  period  incident  analysis,  the  diversion  during  the  signed  inci- 
dents was  higher  than  normal,  but  was  no  different  than  the  natural  diversion 
that  takes  place  during  unsigned  incidents. 

Discussion  of  Results 

Analysis  of  the  effectiveness  of  the  CMSs  was  based  solely  on  a  freeway- 
to-freeway  point  diversion  concept.  Funds  were  not  available  and  no  attempts 
were  made  to  evaluate  the  traffic  diversion  to  other  arterial  routes  induced 
by  the  CMS  messages.  During  conversations  with  a  few  local  drivers  who  com- 
mute to  work  on  northbound  1-35,  the  drivers  stated  that,  when  accident  mes- 
sages were  displayed  on  the  CMSs,  they  oftentimes  left  the  freeway  via  one  of 
the  off-ramps  upstream  from  the  I-35/I-10E  interchange  (diversion  ramp)  and 
took  another  route  to  work.  These  alternate  routes  were  more  convenient  than 
the  diversion  route  recommended  by  the  CMSs.  Diversion  to  other  arterial 
routes  was  also  frequently  noticed  by  freeway  patrol  officers.  Thus,  there 
was  more  diversion  within  the  system  than  the  data  indicated. 

These  observations  suggest  that  in  contrast  to  diversion  of  special  event 
traffic  when  drivers  are  willing  to  use  the  recommended  alternate  route  (5_, 
9),   "point  diversion"  during  accidents  in  an  urban  area  may  be  a  misnomer. 

Special  event  traffic  generally  is  destined  to  the  same  place  and,  in 
many  cases,  to  the  same  parking  facility.  In  contrast,  the  destinations  of 
commuters  going  to  the  CBD  are  scattered  throughout  the  downtown  area.  Thus 
the  route  recommended  by  the  CMSs  may  be  the  most  logical  one,  but  may  not 
necessarily  be  the  most  convenient  for  many  of  the  drivers.  They  may  elect  to 
choose  their  own  routes  based  on  the  time  of  day,  location  of  the  accident, 
the  degree  of  freeway  congestion,  etc.  Or,  they  may  decide  to  remain  on  the 
freeway  for  one  reason  or  another,  including  simply  a  reluctance  to  use 
another  route. 

Driver  response  to  real-time  information  in  San  Antonio  appeared  to  be 
similar  to  that  experienced  in  Dallas  (4),  Los  Angeles  (_3 ) ,  and  Minneapolis 
(10) .  Rather  than  diverting  via  one  major  ramp  when  they  were  notified  of  an 
incident  or  when  they  encountered  unusual  congestion,  drivers  who  diverted 
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TABLE  6 
CASE  STUDY  INCIDENTS  SUMMARIZED  BY  TIME  PERIOD 


Incident 

Percent  N.  B.  1-35 

Test  of 

Numbers 

Per  i  od 

Using  Diversion  Ramp 

Sign 

if icance* 

1,  2,  5,  6,  7 

Peak 

Norma  1          : 

25 

Unsigned  Incident 

28 

a 

Signed  Incident 

29 

a,b 

2,  5,  6,  7** 

Peak 

Normal 

26 

Unsigned  Incident 

•   29 

a 

Signed  Incident 

29 

a 

3,  4 

Off-Peak 

Normal 

Unsigned  Incident 

Signed  Incident 

•  24 

•  23 
24 

*  a  =  Significantly  greater  than  Normal  conditions 

b  =  Significantly  greater  than  Unsigned  Incident  conditions 

**Excludes  Incident  #1 . 


58 


tended  to  use  exit  ramps  leading  to  routes  most  convenient  to  them.  In  retro- 
spect, analyzing  the  San  Antonio  CMS  installation  as  an  incident  management 
system  rather  than  a  point  diversion  system  would  have  most  likely  resulted  in 
a  more  complete  description  of  traffic  diversion.  The  limited  scope  of  the 
study  focused  attention  on  the  freeway- to- freeway  diversion.  The  results 
strongly  indicate  that  agencies  evaluating  similar  systems  should  monitor  all 
the  off- ramps  that  are  likely  to  be  used.  Agencies  should  not  be  misled  and 
restricted  in  their  evaluation  approach  because  of  terminology;  they  should 
develop  an  evaluation  approach  that  will  assess  the  full  impact  of  the  CMS 
system  if  they  can  afford  to  do  so. 
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Chapter  8 

PERCEIVED  EFFECTIVENESS  OF  THE 
CMS  SYSTEM 


Background 

During  the  first  year  of  operation,  two  problems  arose  that  had  an  impact 
on  the  CMS  evaluation  studies.  First  of  all,  there  were  numerous  problems 
with  the  automatic  counters  which  limited  the  amount  of  useful  data  for  esti- 
mating the  amount  of  freeway- to- freeway  diversion  attributable  to  the  CMSs. 
(See  Chapter  13  for  details.)  Secondly,  the  police  patrol  officers  and  the 
police  dispatchers  who  operated  the  CMSs  encountered  difficulty  in  using  the 
operational  control  procedures  (i.e.,  selection  of  sign  messages  based  on  the 
location  of  accident  and  length  of  backup)  developed  by  TTI,  SDHPT,  and  SAPD. 
As  a  result  of  discussions  with  the  SAPD,  the  120  messages  in  the  original  CMS 
library  were  reduced  to  7.  (See  Appendix  J  for  details.) 

The  potential  of  a  small  sample  size  due  to  counter  malfunctions  prompted 
the  research  team  and  the  San  Antonio  Corridor  Management  Team  to  seek  alter- 
native measures  of  effectiveness.  It  was  the  feeling  of  police  administrators 
and  some  of  the  patrol  officers  that  the  CMSs  were  effective  in  improving 
safety  in  the  accident  area  where  the  officers  and  involved  motorists  were 
located.  They  believed  that  by  keeping  drivers  informed  of  freeway  condi- 
tions, the  CMSs  help  to  relieve  driver  frustration  and  anxiety.  As  a  result, 
drivers  are  less  "hostile"  when  passing  an  officer  directing  traffic.  It  was 
their  opinion  that  regardless  of  whether  the  CMSs  divert  a  considerable  amount 
of  traffic,  these  intangible  effects  are  realized. 

Administrators  from  the  SAPD  stated  that  the  field  patrol  officers  would 
use  the  CMSs  if  they  felt  the  signs  were  helpful  in  controlling  traffic  on  the 
freeway.  Although  the  intangible  benefits  of  less  driver  frustration  and 
anxiety  cannot  be  measured  directly,  it  was  speculated  that  perceived  benefits 
can  be  assessed  by  measuring  police  usage  of  the  CMSs.  Increased  usage  during 
the  second  year  would  indicate  positive  feelings  about  the  system  by  the 
police  officers.  As  previously  mentioned,  and  discussed  in  Appendix  J,  opera- 
tion of  the  system  was  simplified  by  TTI  at  the  beginning  of  the  second  year 
of  operation  by  reducing  the  number  of  messages  and  improving  the  operation 
control  procedure. 

Objective 

The  objective  of  this  portion  of  the  research  was  to  measure  the  per- 
ceived benefits  of  the  CMSs  by  evaluating  the  CMS  usage  during  the  first  and 
second  years  of  operation. 
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Approach 

The  approach  used  to  assess  the  perceived  effectiveness  of  the  CMS  system 

was  to  compare  the  utilization  of  the  CMSs  during  accidents  and  the  attitudes 

of  the  police  freeway  patrols  and  dispatchers  between  the  first  and  second 
year  of  operation. 

Accident  records  and  CMS  utilization  information,  discussed  in  detail  in 
Chapter  13,  were  compiled  during  the  two  years.  In  addition,  interviews  were 
conducted  with  police  patrol  officers  and  dispatchers  at  the  end  of  each  year 
of  operation. 

Results 

Tables  7  and  8  list  the  number  of  accidents  and  times  the  CMSs  were  used 
by  month  during  each  of  the  two  study  years.  The  data  are  also  shown  plotted 
in  Figure  19  in  terms  of  percentages. 

The  results  show  that  there  was  a  significant  reduction  in  the  use  of  the 
CMSs  during  the  second  year  of  the  study.  The  signs  were  used  only  6  times 
(0.5  times  per  month)  during  the  second  year  in  comparison  to  26  times  (2.2 
times  per  month)  during  the  first  year  of  operation.  Considering  the  use  per 
accident,  Tables  7  and  8  show  that  during  the  second  year  the  signs  were  used 
for  2.4%  of  the  accidents  in  comparison  to  9.0%  of  the  accidents  the  first 
year. 

The  results  were  disappointing  considering  the  fact  that  the  initial 
library  of  CMS  messages  were  reduced  from  120  to  7  to  simplify  the  operations 
following  interviews  with  police  patrol  officers  and  dispatchers  after  the 
first  year  of  operation.  However,  frequency  of  sign  usage  during  the  second 
year  (0.5  times  per  month)  was  not  out  of  line  with  earlier  estimates.  SAPD 
administrators  predicted  prior  to  the  CMS  pilot  program  that  based  on  their 
experiences  with  the  types  of  accidents  on  1-35,  the  signs  would  most  likely 
be  used  an  average  of  once  every  1  to  2  months.  The  disappointment,  there- 
fore, stems  from  the  indications  of  greater  interest  and  desire  to  use  the 
signs  during  the  first  year  (even  though  the  rate  during  the  second  year  was 
in  line  with  earlier  SAPD  predictions)  and  indications  of  reduced  interest 
during  the  second  year. 

Interviews  with  SAPD  administrators  indicated  the  following  reasons  for 
the  reduced  use: 

1.  Difficulties  with  existing  hardware  system; 

2.  Turnover  and  reassignment  of  SAPD  personnel; 

3.  Shift  rotations;  and 

4.  Reduced  direct  contact  between  SAPD  administrators  and  the  dis- 
patchers and  patrol  officers. 

The  CMS  hardware  system  was  primarily  designed  for  research  and  is  not 
ideally  suited  for  operations  by  non-technical  personnel.  This  potential 
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TABLE  7 

CHANGEABLE  MESSAGE  SIGN  USE 
DURING  FIRST  YEAR 


Number 

of 

Freq 

uenc 

:y  of  Sign  Use 

MONTH 

Accidents 

for 

Accidents 

June  '78 

15 

2 

July  '78 

29 

0 

August  '78 

26 

4 

September  '78 

33 

4 

October  '78 

29* 

4 

November  '78 

25 

1 

December  '78 

32 

2 

January  '79 

26"! 

4 

February  '79 

22 

2 

March  '79 

26 

2 

April  '79 

17 

0 

May  '79 

10 
290 

26 

*  Includes  one  I-IOW  at  Colorado  Accident 
"^Includes  one  SB  1-35  Accident  at  Nogol  itos 

Average  number  of  accidents  per  month  =  24.2 

Average  sign  use  per  month  =   2.2 

Percent  of  accidents  for  which  signs  were  used  =   9.0$ 


62 


TABLE  8 

CHANGEABLE  MESSAGE  SIGN  USE 
DURING  SECOND  YEAR 


Number  of 

Frequency  of  Sign  Use 

MONTH 

Accidents 

for  Accidents 

June  '79 

24 

0 

July  '79 

22 

3 

August  '79 

21 

0 

September  '  79 

23 

0 

October  ' 79 

23 

0 

November  ' 79 

16 

0 

December  ■ 79 

12 

1 

January  '80 

13 

1 

February  '80 

21 

0 

March  '80 

17 

1 

April  «80 

26 

0 

May  '80 

29 

_0 

248 

6 

Average  number  of  accidents  per  month  =  20.7 

Average  sign  use  per  month  =   0.5 

Percent  of  accidents  for  which  signs  were  used  =   2*4% 
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problem  was  recognized  initially  by  TTI,  SDHPT,  and  SAPD,  but  it  was  hoped 
that  some  of  the  difficulties  could  be  resolved.  Details  of  the  hardware  sys- 
tem, problems  and  recommendations,  are  discussed  in  Chapter  13,  "Data 
Acquisition  for  Point  Diversion". 

Normal  turnover  and  reassignments  resulted  in  a  situation  where  some  of 
the  police  officers  were  not  familiar  with  the  objectives,  design  and  opera- 
tion of  the  CMSs.  In  retrospect,  the  research  project  should  have  been  funded 
to  periodically  furnish  training  to  the  newer  officers. 

The  dispatcher/ CMS  operators  were  on  rotating  shifts.  Use  of  the  CMSs 
was  highest  during  the  morning  peak  periods.  The  dispatchers,  who  became 
somewhat  familiar  with  operating  the  CMSs,  would  switch  shifts  and  not  return 
to  the  morning  shift  until  two  months  later.  The  complexity  of  the  hardware 
resulted  in  the  operator  being  more  reluctant  to  use  the  signs  when  he 
returned.  CMS  operating  procedures  were  forgotten  during  the  long  periods 
away  from  operating  the  signs. 

Dispatchers  switching  from  the  night  to  the  morning  shifts  seemed  to  for- 
get the  operating  procedures  because  of  the  extended  period  between  the  train- 
ing school  and  actual  hands-on  operations. 

Probably  the  factor  which  had  the  greatest  impact  on  the  reduced  use  of 
the  CMSs  during  the  second  year  resulted  indirectly  from  the  energy  situation. 
As  was  the  case  with  other  agencies,  the  City  of  San  Antonio  was  hit  by  higher 
fuel  costs.  As  a  conservation  measure,  the  City  Manager  issued  a  directivein 
early  June  1979  stating  that  official  vehicles  were  no  longer  allowed  to  be 
driven  to  and  from  home.  Radio  communication  between  the  police  administra- 
tors and  supervisors  with  the  dispatchers  and  freeway  patrol  officers  during 
the  first  year  requesting  the  use  of  the  CMSs  was  a  positive  indication  and 
assurance  of  the  importance  of  the  system.  The  absence  of  radio  communica- 
tions between  the  administrators  and  supervisors  and  patrol  officers,  accord- 
ing to  SAPD  officials,  was  an  influencing  factor  in  the  reduced  use  of  the 
CMSs  during  the  second  year. 
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PART  IV 


CHANGEABLE  MESSAGE  SIGNS 


DURING    FREEWAY 


MAINTENANCE  OPERATIONS 
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Chapter  9 
INTRODUCTION 


Objectives 

The  objective  of  this  portion  of  the  research  was  to  evaluate  the  effec- 
tiveness of  CMSs  during  urban  freeway  maintenance  operations  necessitating 
lane  closures.  Specifically,  the  objectives  were  to  determine  the  effective- 
ness of  the  CMSs  in  accomplishing  the  following: 

1.  encouraging  drivers  to  vacate  the  closed  lane  farther  upstream  from 
the  cone  taper,  and 

2.  encouraging  thru  drivers  to  divert  to  an  alternate  freeway  route. 

Background 

As  previously  discussed,  there  is  a  significant  amount  of  natural  diver- 
sion whenever  unusual  congestion  occurs  on  an  urban  freeway.  Results  obtained 
in  the  Dallas  CMS  studies  (4_)  revealed  that  during  freeway  maintenance  opera- 
tions, informational  messages  about  roadwork  (e.g.,  ROADWORK  AT  OXFORD  AVE.) 
increased  diversion  off  the  freeway  between  5.1%  and  7.4%  (expressed  as  a  per- 
cent of  upstream  demand)  in  comparison  to  the  natural  diversion  that  was  ex- 
pected without  a  CMS  message.  Diversionary  messages  (i.e.,  drivers  instructed 
to  exit  freeway)  increased  diversion  by  an  additional  2%  in  comparison  to  the 
informational  messages. 

The  location  of  CMSs  on  1-35  in  San  Antonio  provided  an  opportunity  to 
observe  lane  distribution  patterns  to  evaluate  how  quickly  drivers  vacate  the 
closed  lane,  and  to  study  the  effectiveness  of  the  CMSs  in  diverting  freeway 
traffic  to  an  alternate  freeway  route  around  the  work  zone.  In  contrast  with 
the  Dallas  studies  where  the  drivers  were  not  told  which  exit  ramps  to  use, 
San  Antonio  drivers  were  instructed  to  use  the  diversion  freeway  route. 


Study  Development 

As  previously  mentioned,  the  study  section  of  old  1-35  north  of  the 
diversion  route  and  adjacent  to  the  CBD  is  two  lanes  in  each  direction.  Clo- 
sure or  blockage  of  one  lane  results  in  relatively  severe  congestion  during 
the  peak  period  and  off-peak  daylight  hours.  Consequently,  maintenance  in 
this  freeway  section  is  infrequent,  and  when  required,  is  generally  performed 
during  the  night  and  early  morning  hours. 

Because  of  the  large  size  of  field  study  personnel  required  to  conduct 
the  CMS  studies  and  the  infrequency  of  maintenance  on  the  1-35  freeway  sec- 
tion, close  coordination  was  necessary  between  the  researchers  and  the  Main- 
tenance Engineer  and  Area  Supervisor  so  that  study  preparations  could  be  made 
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when  maintenance  was  anticipated.     As  it  turned  out,  the  only  maintenance  in 
the  study  area  during  the  research  contract  period  to  the  knowledge  of  TTI, 
was  performed  on  March  11th,  17th,   and  18th,  1980. 

Pavement  repairs  on  1-35  at  Division  (south  of  the  diversion  route)   on 
March  11th  between  9:30am  and  2:00pm  provided  an  opportunity  to  evaluate 
driver  reactions  (i.e.,  lane  changes)  to  lane  closure  information  displayed  on 
a  CMS.     The  inside  lane  of  the  two-lane  section  north  of  the  I-35/I-10E  inter- 
change was  closed  on  March  17th  and  18th  during  median  guardrail   repairs  and 
provided  an  opportunity  to  study  freeway- to- freeway  diversion  during  main- 
tenance operations.     The  maintenance  was  performed  between  the  hours  of  9:00pm 
and  3:00am.     The  March  11th  lane  change  study  and  the  March  17th  and  18th 
diversion  studies  are  discussed  in  the  next  two  chapters. 
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Chapter  10 
LANE-CHANGE  STUDY 


Site  Description 


A  freeway  schematic  illustrating  the  location  of  the  work  zone  and  the 
types  of  traffic  control  devices  is  shown  in  Figure  20.  Because  of  the  rela- 
tive locations  of  the  CMSs  to  the  work  zone,  only  the  CMS  near  the  Southcross 
Avenue  pedestrian  crossing  was  used  during  the  study.  Messages  on  the  CMS  at 
the  Division  pedestrian  crossing  would  serve  no  useful  purpose  because  it  was 
too  close  to  the  lane  closure. 


Study  Approach 

Lane  distribution  counts  were  made  by  observers  at  eight  freeway  loca- 
tions—one station  upstream  from  the  CMS,  one  at  the  CMS,  and  six  downstream. 
In  addition,  traffic  volumes  thru  the  work  zone  were  counted  in  an  attempt  to 
measure  the  work  zone  capacity.     (Volumes,   however,  never  reached  capacity 
flow). 

In  order  to  assess  the  effectiveness  of  the  CMS  in  encouraging  drivers  to 
vacate  the  closed  lane,  the  sign  was  turned  on  and  off  alternately  at  approxi- 
mately 20-minute  intervals  between  the  hours  of  9:50am  and  1:50pm.  The  field 
data  show  that  the  CMS  was  activated  a  total  of  124  minutes  and  was  in  the  off 
position  for  127  minutes.  The  CMS  message  was  displayed  in  two  parts  and 
read:  R0ADW0RK  AT  DIVISION/LEFT  LANE  CLOSED.  Each  message  part  was  displayed 
alternately  for  four-second  intervals. 

Two  vehicles  were  driven  thru  the  study  area—one  to  mark  the  time  when 
the  sign  message  was  turned  on  and  the  other  when  it  was  turned  off.     As  the 
drivers  reached  each  count  station  they  alerted  the  observers  by  radio  who 
would  then  record  the  time  and  volumes.     This  technique,  used  successfully  by 
TTI  during  diversion  studies  in  Dallas  {5)  >  "opens"  and  "closes"  each  study 
period  and  separates  those  drivers  who  had  an  opportunity  to  read  the  CMS  mes- 
sage from  those  who  did  not. 

Results 

Figure  21  is  a  comparison  of  the  hourly  volumes  on  each  ramp  and  freeway 
section  during  periods  when  the  CMS  was  displayed  and  in  the  off  status.  A 
review  of  the  data  shows  that  the  volumes  during  both  periods  were  comparable. 
Therefore,  differences  in  volumes  was  not  an  influencing  factor  in  the 
resul ts. 

One  MOE  is  the  percent  of  traffic  that  remains  in  the  closed  median  lane 
as  traffic  progresses  toward  the  cone  taper.  If  the  CMS  is  effective,  it  is 
expected  that  a  greater  percentage  of  drivers  would  leave  the  median  lane  (and 
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Figure  21  -  Hourly  Volumes  During  Study 
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fewer  drivers  would  enter  the  closed  median  lane)  when  messages  are  displayed 
than  when  the  CMSs  are  blank. 

Figure  22  illustrates  the  percent  of  median  lane  traffic  remaining  in  the 
closed  lane  at  various  distances  upstream  from  the  cone  taper.  The  data  are 
expressed  in  terms  of  the  percent  change  in  the  median  volumes  at  each  count 
station  in  comparison  to  that  originally  in  the  lane  at  Station  1  located  up- 
stream from  the  CMS.  Negative  percentages  indicate  less  traffic  in  the  lane 
in  comparison  to  Station  1;  positive  percentages  reflect  increased  volumes  in 
the  lane  resulting  from  more  drivers  moving  into  than  out  of  the  median  lane. 

The  results  reveal  that  the  CMS  did  indeed  encourage  drivers  to  vacate  or 
avoid  the  closed  median  lane.  Although  the  percent  volumes  in  the  closed 
median  lane  at  the  various  count  stations  were  not  low  while  the  CMS  message 
was  displayed,  they  were  significantly  lower  than  periods  when  the  CMS  was 
blank. 

The  curves  in  Figure  22  illustrating  the  percent  change  in  volumes  show 
that  during  normal  periods  (without  a  CMS  message)  there  was  a  large  increase 
in  median  lane  volumes  as  traffic  progressed  from  Station  1  to  Station  8. 
Volumes  at  Station  7  were  60%  higher  than  at  Station  1.  Volumes  at  Station  8, 
located  700  ft.  (213  m)  upstream  from  the  beginning  of  the  cone  taper,  were 
29X  higher.  (The  drop  in  volumes  between  Stations  7  and  8  are  attributed  to 
the  LEFT  LANE  CLOSED  AHEAD  sign  and  the  driver's  perception  of  the  flashing 
arrowboard  and  lane  closure). 

In  contrast,  while  the  CMS  message  was  displayed,  volumes  at  Station  7 
were  4%  lower  than  at  Station  1.  Volumes  at  Station  8  were  17%  lower.  When 
the  17%  reduction  at  Station  8  was  compared  to  the  30%  increase  that  resulted 
with  the  CMS  blank,  the  net  effect  was  a  47%  greater  reduction  in  the  lane 
volumes  with  the  CMS  than  what  occurred  when  the  sign  was  blank. 

As  previously  stated,  the  volumes  in  the  median  lane  at  Station  8 
[located  700  ft.  (213  m)  upstream  from  the  beginning  of  the  cone  taper]  were 
only  17%  lower  than  at  Station  1.  There  were  site  specific  factors  that  in- 
fluenced the  lane  distribution  of  traffic  in  the  study  area,  and  consequently 
effected  on  the  results.  These  were: 

1.  the  relatively  high  proportion  of  traffic  (compared  to  the  freeway) 
on  the  Military  on-ramp  located  a  relatively  short  distance  upstream 
from  the  CMS, 

2.  the  presence  of  an  additional  relatively  high  volume  on-ramp  at 
Southcross  Ave.  located  downstream  from  the  CMS,  but  upstream  from 
the  cone  taper. 

3.  the  existence  of  a  right-side  lane  drop  downstream  from  the  worksite, 
and 

4.  the  relatively  short  decision  sight  distance  to  the  lane  closure. 
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The  freeway  volumes  in  advance  of  the  Military  Drive  on- ramp,  located 
only  1500  ft.  (467  m)  upstream  from  the  CMS,  averaged  about  460  vph  during  the 
study.  The  volumes  on  the  Military  Drive  on-ramp  averaged  740  vph.  Thus,  the 
ramp  volumes  were  much  higher  than  the  upstream  freeway  demand.  Observations 
in  the  field  revealed  that  a  large  percentage  of  the  on-ramp  drivers  moved 
into  the  center  and  median  lanes  almost  immediately  after  entering  the  free- 
way. The  high  rate  of  lane  changing  resulted  in  a  relatively  high  driver  task 
load,  and  it  is  probably  safe  to  assume  that  many  drivers  did  not  have  an 
opportunity  to  read  the  CMS  message. 

Another  factor  that  affected  the  lane  distribution  of  traffic  was  the 
Southcross  Avenue  on-ramp.  The  ramp  was  downstream  from  the  CMS  and  approxi- 
mately 2600  ft.  (792  m)  upstream  from  the  cone  taper.  Volumes  on  the  ramp 
during  the  study  averaged  410  vph.  Although  this  can  be  considered  as  being 
light  traffic,  it  was  high  relative  to  the  freeway  volumes  near  the  ramp.  The 
freeway  volumes  downstream  from  the  ramp  averaged  1660  vph;  26%  came  from  the 
on-ramp.  Thus,  at  least  26%  of  the  freeway  drivers  during  the  study  did  not 
see  the  CMS  when  it  was  activated. 

The  third  influential  factor  was  the  right-side  lane  drop  downstream  from 
the  work  zone.  Drivers  familiar  with  the  "loss"  of  the  shoulder  lane  most 
likely  travel  in  the  left  two  lanes  to  avoid  the  possibility  of  becoming 
"trapped"  in  the  discontinuous  lane.  Thus,  it  is  speculated  that  the  right 
side  lane  drop  influenced  several  drivers  to  travel  in  the  center  or  median 
lanes. 

The  fourth  influencing  factor  was  the  relatively  short  decision  sight 
distance  to  the  lane  closure.  Research  (11_)  indicates  that  although  the 
majority  of  drivers  vacate  the  closed  lane  after  reading  the  appropriate 
static  work  zone  signs,  a  relatively  high  percentage  (approximately  20%)  will 
not  leave  the  lane  until  they  actually  see  evidence  of  the  closure  (e.g., 
cones  or  maintenance  vehicles  in  the  lane,  arrowboards,  etc.).  Research  (11, 
12)  also  indicate  that  drivers  must  perceive  a  freeway  lane  closure  at  least 
"9U0  ft.  (274  m)  upstream  from  the  cone  taper.  Shorter  sight  distances  do  not 
provide  adequate  time  for  most  freeway  drivers  in  the  closed  lane  to  take 
appropriate  actions. 

Observations  during  the  San  Antonio  studies  indicated  that  the  sight  dis- 
tance to  the  lane  closure  was  less  than  900  ft.  (274  m).  Although  an  arrow- 
board  with  a  sequencing  arrow  was  used  in  the  traffic  control  setup,  the  hori- 
zontal curvature  of  the  freeway  adversely  affected  the  driver's  perception  of 
the  lane  closure. 
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Chapter  11 
DIVERSION  STUDY 


Site  Description 

As  previously  stated,  on  March  17th  and  18th,  1980,  guardrail  repairs  on 
old  1-35  near  the  stockyards  north  of  the  I-35/I-10E  interchange  necessitated 
the  closure  of  the  inside  lane  of  the  two-lane  section.  The  work  was  per- 
formed between  the  hours  of  9:00pm  and  3:00am.  A  schematic  of  the  study  area 
is  shown  in  Figure  19.  The  traffic  management  strategy  using  the  CMSs  was 
designed  to  encourage  thru  drivers  to  avoid  the  work  area  by  diverting  to  the 
new  1-35  route. 


Study  Approach 

An  analysis  of  traffic  volumes  furnished  by  the  SDHPT  San  Antonio  Dis- 
trict prior  to  the  study  indicated  that  northbound  volumes  approaching  the 
I-35/I-10E  interchange  would  be  approximtely  1500  vph  from  9-10pm  and  1000  vph 
from  10-llpm.  Volumes  would  then  drop  sharply  below  500  vph.  Because  of  the 
expected  low  volumes  after  11pm,  the  decision  was  made  to  end  the  field  study 
at  11pm.  It  was  reasoned  that  driver  credibility  would  be  affected  if  diver- 
sion messages  were  displayed  when  the  volumes  were  low.  Also,  a  few  vehicles 
could  affect  the  percentage  distributions  on  the  primary  and  diversion  routes, 
and  interpretation  of  results  therefore  would  be  difficult. 

The  messages  designed  for  the  study  are  shown  below: 


Diversion  Message 


Warning  Message 


R0ADW0RK 
AT  STOCKYARDS 


CAUTION 


THRU  TRAFFIC 
USE  I-10E/I-37 


R0ADW0RK 
AT  STOCKYARDS 


In  contrast  to  the  lane-change  study,  the  locations  of  the  CMSs  relative 
to  the  diversion  point  would  allow  use  of  both  signs.  Messages  were  designed 
with  this  intention.  However,  the  plans  were  changed  during  the  study  when 
problems  developed  with  the  CMS  closest  to  the  diversion  point.  As  a  result, 
only  the  southernmost  sign  was  used  during  the  study. 

The  original  plans  also  called  for  a  diversion  message  and  a  warning  mes- 
sage to  be  displayed  for  one  full  hour  each.  The  latter  message  type  was 
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incorporated  into  the  study  upon  the  request  of  the  SDHPT  maintenance  super- 
visor in  charge  of  the  roadwork.  Messages  were  to  be  counterbalanced  by 
changing  the  sequence  of  the  messages  during  the  second  night  of  the  study. 
Again,  CMS  problems  on  both  study  days  required  changes  in  the  field.  The 
final  message  display  times  are  as  follows: 

Diversion  Message        Warning  Message 

March  17,  1980  9:40-10:20  pm  10:20-11:00  pm 

March  18,  1980  9:00-10:00  pm  10:00-11:00  pm 

License  plates  of  vehicles  passing  a  network  of  recording  stations  were 
recorded  continually  throughout  each  study  period  to  determine  travel  patterns 
of  thru  drivers.  The  recording  stations  were  selected  to  permit,  as  closely 
as  possible,  accurate  determination  of  travel  patterns  on  both  the  primary  and 
diversion  routes.  Preliminary  investigations  prior  to  the  studies  indicated 
that  there  could  be  certain  problems  with  reading  license  plates  of  vehicles 
at  night.  In  particular,  it  was  determined  that  reading  license  plates  of 
vehicles  traveling  on  freeway-to-freeway  ramp  connectors  would  be  more  diffi- 
cult than  for  vehicles  on  the  freeway.  "  "»,  redundant  recording  stations 
were  set  up  on  ramp  connectors  along  tn-  diversion  route.  In  addition,  a  sta- 
tion was  added  at  the  I-35/I-10W  ramp  because  previous  studies  revealed  a  high 
percentage  of  drivers  traveling  north  on  1-35  near  the  CMSs  interchange  with 
I-10W.  License  plate  and  volume  recording  stations  are  shown  in  Figure  23. 

Results 

Nighttime  license  plate  0-D  studies  presented  greater  challenges  than  the 
daytime  studies.  There  was  concern  about  the  accuracy  of  reading  license 
plates  at  night.  Therefore,  after  the  data  were  transcribed  from  the  magnetic 
tapes,  an  analysis  was  conducted  to  compare  the  license  data  to  manual  volume 
counts  made  during  the  study. 

The  results  revealed  that  nighttime  0-D  license  plate  studies  can  be 
effectively  conducted  in  freeway  corridors  with  accuracies  within  acceptable 
levels  at  most  sites.  There  may  be  selected  sites  (e.g.,  freeway-to-freeway 
ramps)  where  it  is  difficult  to  find  a  safe  location  at  the  sites  which  would 
still  enable  them  to  read  the  license  plates.  Accuracies  may  be  low  at  these 
sites.  The  results  also  indicate,  as  expected,  that  accuracy  will  increase 
with  training  and  by  assiqning  additional  personnel  at  freeway  and  connector 
ramp  recording  stations  than  what  would  normally  be  required  during  daylight 
hours. 

Tables  9  and  10  show  comparisons  of  the  recorded  license  plates  to  the 
manual  counts  for  the  two  study  days.  On  Monday,  the  percent  of  license 
plates  read  at  the  recording  stations  ranged  from  70%  to  88%  and  averaged  79%; 
on  Tuesday  it  ranged  from  80%  to  95%  and  averaged  88%.  Because  of  the  extreme 
difficulty  in  reading  license  plates  at  the  Station  C--the  I-37/I-35  connector 
ramp--during  the  Monday  study,  it  was  excluded  from  the  Tuesday  study. 
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Figure  23  -  License  Plate  0-D  Study  Locations 
(March  17-18,  1980) 
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TABLE  9 

COMPARISON  OF  RECORDED   LICENSE  PLATES 

AND  MANUAL  COUNTS 
Monday,  3/17/80  —   9:40  pm  -   11:00  pm 


■ 

fotal    Volumes 

Recorded 

License  Plates 

From 

Manual   Counts 

Number 

Percent 

1-35  at  Division     (Station 

A) 

992 

868 

88 

1-35  at  St.   Marys  (Station 

B) 

1 004 

702 

70 

I-35/I-10E  Ramp       (Station 

D) 

387 

282 

73 

I-10/I-37N  Ramp       (Station 

E) 

307 

233 

76 

I-35/I-10W  Ramp       (Station 

F) 

776 

650 

J34 

TOTAL 

3466 

2735 
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TABLE  10 

COMPARISON  OF  RECORDED  LICENSE  PLATES 

AND  MANUAL  COUNTS 
Tuesday,  3/18/80  —  9:00  pm  -  11:00  pm 


■ 

rotal    Volumes 

Recorded 

License  Plates 

From 

Manual    Counts 

Number 

Percent 

1-35  at  Division 

(Station 

A) 

1678 

1506 

90 

1-35  at  St.   Marys 

(Station 

B) 

1752 

1409 

80 

I-35/I-10E   Ramp 

(Station 

D) 

608 

576 

95 

I-10/I-37N  Ramp 

(Station 

E) 

480 

429 

89 

I-35/I-10W  Ramp 

(Station 

F) 

1538 

1435 

93 

TOTAL 

6056 

5355 

88 
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Personnel   originally  at  this  site  were  reassigned  to  other  stations.     Although 
data  from  Station  C  were  not  reduced,   it  was  estimated  that  only  about  30%  of 
the  license  plates  were  read.     Monday's  recording  experience,  coupled  with  the 
reassignment  of  field  personnel    (particularly  placing  more  people  at  the  con- 
nector ramps),  was  reflected  during  Tuesday's  studies. 

Further  studies  were  made  to  evaluate  the  accuracy  of  the  computer  match- 
up program  using  the  data  collected  during  this  study.     Discussions  of  the  ap- 
proach and  results  are  presented  in  Appendix  H.     In  summary,  the  analysis  re- 
vealed that  the  computer  routine  matched  34%  fewer  vehicles  than  actual. 
Thus,  the  data  presented  in  this  section  of  the  report  were  adjusted  to  re- 
flect the  disparity  of  missed  matches. 

Table  11  summarizes  the  percentage  of  total   northbound  1-35  traffic  using 
the  primary  and  diversion  routes  during  the  study.     Two  important  findings  are 
evident  from  the  combined  data  for  Monday  and  Tuesday:     First  of  all,  thru 
traffic  comprised  only  11%  of  the  total   traffic  measured  on  1-35.     Secondly, 
there  was  an  increase  in  the  percentage  of  drivers  using  the  diversion  route 
while  the  diversion  message  was  displayed. 

A  more  sensitive  MOE  is  the  percent  thru  drivers  using  the  two  routes 
when  the  messages  were  displayed.     A  summary  of  such  a  comparison  is  presented 
in  Table  12. 

It  is  interesting  to  note  from  Table  12  that  the  distribution  of  traffic 
on  the  primary  and  diversion  routes  was  quite  similar  on  both  days.     More  im- 
portant is  the  significant  increase  in  the  percent  of  thru  traffic  using  the 
diversion  route  while  the  diversion  message  was  displayed.     The  combined  Mon- 
day and  Tuesday  data  show  that  15%  more  thru  drivers  used  the  diversion  route 
when  the  diversion  message  was  displayed  in  comparison  to  the  times  when  the 
warning  message  was  activated--47%  during  the  warning  message  and  62%  during 
the  diversion  message. 

Discussion 

Any  conclusions  reached  from  this  study  must  be  accompanied  with  quali- 
fiers because  of  surrounding  influencing  factors.  The  results  compare  the 
effects  of  a  diversion  message  to  a  warning  message.  It  is  possible  that  many 
drivers  familiar  with  the  geometric  conditions  on  1-35  near  the  stockyards 
speculated  that  congestion  existed  in  the  area  due  to  the  lane  closure.  Thus, 
advance  warning  of  the  lane  closure  may  have  encouraged  some  drivers  to  volun- 
tarily use  the  diversion  route.  If  this  assumption  is  correct,  then  the  warn- 
ing message  may  have  masked  the  greater  effects  of  the  diversion  message. 
Compared  to  no  message  at  all,  the  diversion  message  may  have  shown  a  higher 
use  of  the  diversion  route.  In  retrospect,  the  ideal  study  approach  would 
have  been  to  compare  the  effects  of  both  the  warning  and  diversion  messages  to 
a  blank  sign. 

Conversely,  the  time  effects  of  the  messages  during  long-term  maintenance 
(several  nights)  were  not  studied.  Once  the  drivers  who  regularly  divert 
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TABLE  11 

PERCENTAGE  OF  NORTHBOUND  1-35  TRAFFIC 
USING  PRIMARY  AND  DIVERSION  ROUTES 


Total  Northbound 

Message 

1-35  Traffic 

Percent  Using 

Percent  Using 

Type 

at  Division  Ave. 

Primary  Route 

Diversion  Route 

Monday,  3/17/80 

Warning 

556 

7 

7 

Diversion 

436 

4 

7 

Tuesday,  3/18/80 

Warni  ng 

985 

5 

5 

Diversion 

693 

4 

7 

Monday  &  Tuesday, 

Combi  ned 

Warni  ng 

1541 

6 

5 

Diversion 

1129 

4 

7 

TOTAL    2670 

5 

6 

TABLE  12 

PERCENTAGE  OF  THRU  TRAFFIC 
USING  PRIMARY  AND  DIVERSION  ROUTES 


Total  Northbound 

Message 

1-35  Traffic 

Percent  Using 

Percent  Using 

Type 

at  Division  Ave. 

Primary  Route 

Diversion  Route 

Monday,  3/17/80 

Warning 

73 

51 

49 

Diversion 

46 

37 

63 

Tuesday,  3/18/80 

Warning 

98 

54 

46 

Diversion 

73 

38 

62 

Monday  &  Tuesday, 

Combined 

Warn  i  ng 

171 

53 

47 

Diversion         1 19 
TOTAL     290 

_38 

47 

62 
53 
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become  aware  of  the  absence  of  congestion,  they  may  elect  to  remain  on  the 
primary  route.  Credibility  may  be  an  issue.  On  the  other  hand,  it  may  be 
that  drivers  would  divert  just  to  stay  away  from  the  work  zone  section  at 
night  regardless  of  whether  there  is  congestion.  These  statements  are  specu- 
lative; additional  studies  are  necessary  to  resolve  these  issues. 
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PART  V 


CHANGEABLE  MESSAGE  SIGN 


SYSTEM 


DESIGN  AND  OPERATIONS 
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Chapter  12 

CMS  HARDWARE  AND  OPERATION  DESCRIPTION, 
PROBLEMS  AND  RECOMMENDATIONS 


Introduction 

The  San  Antonio  point  diversion  CMS  hardware  and  operations  were  briefly 
discussed  in  previous  sections  of  this  report.  With  the  danger  of  being  re- 
petitive, they  will  be  reviewed  in  greater  detail  in  this  chapter.  Attention 
will  be  focussed,  however,  on  the  authors'  assessment  of  the  positive  features 
of  the  system  and  some  of  the  problems  encountered.  Recommendations  will  be 
provided  based  on  the  experiences  in  San  Antonio. 

Hardware  and  Operational  Description 

Two  trailer-mounted  computerized  bulb  matrix  CMSs  (Figure  24)  were  used 
to  present  diversion  information  to  northbound  1-35  drivers  in  San  Antonio. 
The  signs,  available  from  previous  TTI  research  studies,  provided  versatility 
in  message  length,  display  format  and  rate  of  display. 

Messages  were  presented  on  a  4  ft.  10  in.  (174.3  cm)  high  and  15  ft. 
4  in.  (467  cm)  wide  display  board.  Each  of  the  two  lines  was  composed  of  an 
array  of  33-watt  incandescent  light  bulbs,  7  rows  by  64  columns,  which  formed 
a  letter  height  of  18  in.  (46  cm)  with  a  maximum  of  13  characters  capability. 
The  bulbs  were  protected  from  sun  glare  by  a  glare- screen  attached  to  the 
front  panel  of  the  display.  Previous  research  by  TTI  (2)  has  shown  650  ft. 
(198  cm)  to  be  the  85th  percentile  legibility  distance  Tor  these  signs. 

The  ability  of  displaying  a  message  on  a  sign  was  provided  to  the  opera- 
tor through  the  use  of  a  digital  computer  located  on  the  front  side  of  the 
trailer  in  an  environmental  cabinet  (Figure  24).  Messages  to  and  from  the 
computer  were  transmitted  and  received  through  a  teletypewriter  (TTY)  (see 
Figure  25).  The  TTY  allowed  for  remote  control  of  both  signs  through  the  use 
of  an  acoustical  coupler  located  on  the  side  of  the  TTY.  The  sign  operator 
dialed  the  number  of  a  telephone  located  in  the  CMS  computer  cabinet,  placed 
his  telephone  ear/mouthpiece  in  the  coupler,  and  then  controlled  the  sign  with 
the  TTY.  He  would  then  repeat  the  process  for  the  second  sign.  Automatic 
dial-up  cards  were  used  to  reduce  the  time  required  to  operate  the  signs. 

Freeway  surveillance  was  accomplished  by  police  freeway  patrols  supple- 
mented during  the  peak  periods  with  police  helicopter  patrols  (Figure  26)  when 
weather  permitted.  Incident  information  and  requests  for  sign  messages  were 
radioed  to  a  single  police  dispatcher  who  not  only  dispatched  police  vehicles 
to  accident  scenes  throughout  San  Antonio,  but  also  controlled  the  CMSs.  No 
additional  funds  were  available  to  the  SAPD  for  their  participation  in  the  CMS 
demonstration  project.  They  operated  the  system  within  existing  police  fund- 
ing and  manpower  constraints. 
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Figure  24  -  Lamp  Matrix  Changeable  Message  Sign 


Figure  25  -  Teletypewriter  with  Acoustical   Coupler 
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Figure  26  -  Accident  Scene  from  San  Antonio  Police 
Department  Helicopter 


85 


Field  officers  and  dispatchers  were  trained  by  TTI  and  police  supervisors 
about  two  weeks  prior  to  the  June  1,  1978  starting  date  of  operations.  Fol- 
lowing the  training  session,  a  CMS  operation  review  package  was  prepared  by 
TTI  and  distributed  to  the  field  officers  and  dispatchers.  The  review  pack- 
age, presented  in  Appendix  G,  discussed  the  purpose  of  the  system  and  provided 
guidelines  for  message  selection.  It  also  contained  a  list  of  the  messages 
and  message  numbers.  The  guidelines  were  in  the  form  of  matrices  identifying 
the  specific  message  number  that  should  be  displayed  based  on  the  location  of 
the  accident  and  the  location  of  the  back  of  the  queue.  Message  numbers,  and 
consequently  the  messages,  changed  when  the  back  of  the  queue  moved  either  up- 
stream or  downstream.  Four  matrices  were  developed:  two  for  blockage  of  one 
lane  during  peak  and  off-peak  periods,  and  two  for  total  freeway  blockage  dur- 
ing peak  and  off-peak  periods. 

Also  included  in  the  review  package  was  a  step-by-step  dispatcher's  pro- 
cedure for  operating  the  CMSs.  Note  that  the  procedure  lists  26  steps  that 
were  required  to  display  a  message  on  both  signs,  and  26  steps  to  turn  the 
signs  off. 

The  planned  scenario  of  operations  was  as  follows:  when  a  freeway  patrol 
officer  would  notice  unusual  congestion,  he  would  drive  to  the  scene  of  the 
incident.  (Helicopter  pilot  would  fly  to  view  the  scene.)  The  patrol  officer 
would  either  have  some  idea  as  to  location  of  the  back  of  the  queue  or  would 
obtain  this  information  from  another  patrol  officer  or  the  helicopter  pilot. 
He  would  then  look  at  the  appropriate  matrix  and  request  that  the  dispatcher 
display  the  message  which  coincides  with  the  message  number. 

Using  the  message  chart  (Appendix  G),  the  dispatcher  would  then  identify 
the  specific  computer  message  number  for  each  sign.  He  would  dial  Sign  1  and 
display  the  appropriate  message;  then  dial  Sign  2  and  display  the  message. 

It  is  important  to  note  that  due  to  the  software  design  and  storage  limi- 
tations of  the  CMS  computers  and  the  desire  by  TTI  to  use  120  messages,  the 
message  numbers  shown  on  the  4  matrices  and  the  computer  storage  numbers  for 
the  messages  are  different  (see  Appendix  G).  For  example,  if  an  accident 
occurred  at  Alamo  blocking  one  lane  during  the  am  peak  period  and  the  queue 
extended  to  I-10E,  the  figures  in  Appendix  G  show  that  Message  32  should  be 
displayed.  The  dispatcher  would  then  look  on  the  Dispatcher's  Guide  to  find 
that  in  order  to  display  Message  32,  he  must  send  a  command  to  Sign  1  to  dis- 
play Message  D-15,  and  to  Sign  2  to  display  Message  D-6. 

As  the  queue  increased  or  dissipated,  other  patrol  officers  on  their  way 
to  assist  the  officer  now  at  the  scene  would  notify  the  dispatcher  of  a  new 
message  number  if  required. 
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Problems  and  Recommendations 

Operator' s  Control  Console 

The  remote  control  console  used  in  San  Antonio  was  a  TTY.  Although  TTI 
researchers  had  no  problems  with  the  TTY  while  operating  three  trailer-mounted 
CMSs  in  Dallas  (£) ,  some  of  the  police  dispatchers  seemed  to  be  apprehensive 
about  the  equipment.  The  problem  was  compounded  by  the  need  to  punch  a  "D"  on 
the  keyboard  followed  by  a  number.  Some  of  the  dispatchers  lacked  the  confi- 
dence that  the  number  they  punched  would  display  the  desired  message,  even 
though  they  had  a  message  number  chart  available. 

There  were  also  many  occasions  of  dispatcher  apprehension  about  whether 
the  message  requested  was  actually  displayed.  Although  the  message 
"D-number"  was  printed  by  the  TTY  printer  when  a  message  was  displayed,  the 
message  content  was  not.  This  added  to  the  operational  uncertainties. 

The  amount  of  operator  action  to  display  a  sign  message  after  a  sign  was 

"contacted"  was  excessive.  As  many  as  seven  buttons  on  the  keyboard  had  to  be 

depressed  merely  to  display  one  message  and  to  have  the  D-number  and  computer 
clock  time  printed. 

The  number  of  CMSs  that  can  be  efficiently  controlled  with  a  TTY  is  also 
important  to  consider.  TTI  personnel  had  no  problems  in  operating  three  CMSs 
in  the  Dallas  system.  However,  it  is  doubtful  whether  one  technically  trained 
individual  could  effectively  and  efficiently  operate  more  than  three  signs  in 
an  urban  area  using  a  TTY  as  a  control  console  even  though  he  could  devote  his 
full  attention  to  sign  control.  Traffic  conditions  change  too  rapidly. 

Recommendati ons--A  TTY  remote  control  console  can  probably  be  effectively  used 
in  an  urban  area  CMS  system  to  control  up  to  three  CMSs  by  a  technically  ori- 
ented individual  provided  he  can  devote  full  attention  to  operating  the  signs 
needed  to  be  activated.  A  push-button  console  should  be  used  when  the  system 
is  operated  by  local  or  state  police  or  non- technical  personnel,  or  the  system 
has  more  than  three  CMSs.  The  push  buttons  should  contain  the  specific  CMS 
message  that  will  be  displayed  when  the  buttons  are  depressed. 

Positive  visual  message  verification  should  be  provided.  A  message  dis- 
play board  should  be  available  when  either  the  signs  are  operated  by  non- 
technical personnel  or  when  there  is  a  large  number  of  signs  to  control.  The 
message  display  board  must  allow  the  operator  to  quickly  identify  the  exact 
message  content  and  the  freeway  locations  where  messages  are  displayed. 
Simultaneous  display  of  the  information  is  desirable.  Technically  oriented 
operators  could  get  by  with  a  CRT  display  provided  the  number  of  signs  is 
small . 

Operator  Considerations 

Reports  (2^,  _3)  have  cited  factors  such  as  operator  boredom  as  critical  in 
the  effective  operation  of  CMS  systems.  Although  incidents  are  random  and 
there  may  be  long  intervals  when  the  signs  are  not  needed,  the  preparedness 
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and  alertness  of  the  operator  must  not  significantly  diminish.  Operator  over- 
load, rather  than  boredom,  was  a  problem  in  San  Antonio. 

The  CMS  system  operator  in  San  Antonio  time-shared  responsibility  with 
dispatching  police  and  other  emergency  vehicles  to  locations  throughout  the 
City.  Needless  to  say,  during  the  peak  periods  when  the  need  for  the  CMSs  was 
the  greatest,  the  dispatcher  was  very  busy  responding  to  incidents.  Over- 
load in  these  critical  situations  required  that  the  operator  prioritize  his 
tasks.  Operation  of  the  CMSs  was  of  lower  priority. 

One  major  problem  that  arose  in  San  Antonio  was  that  because  of  the  in- 
frequent use  of  the  signs  by  specific  dispatchers  due  to  shift  rotations 
(signs  are  most  frequently  needed  during  peak  periods)  and  other  factors,  the 
operators'  self-confidence  in  the  ability  to  operate  the  signs  dwindled  over 
time.  This,  in  part,  was  a  contributing  factor  to  the  decline  in  the  use  of 
the  signs  during  the  second  year  of  operation.  No  provisions  were  made  in  the 
research  project  to  retrain  the  operators. 

Recommendations — The  operator  should  be  able  to  devote  full  attention  to  CMC 
operation  during  the  peak  traffic  periods  when  incidents  are  most  likely  to 
occur.  During  off-peak  periods  other  related  tasks  are  advisable,  but  the 
operator  must  be  in  a  position  to  devote  full  attention  to  the  signs  when  an 
incident  occurs. 

The  operator  should  have  a  strong  working  knowledge  of  the  freeway  and 
streets  in  the  corridor  influenced  by  the  CMSs.  This  knowledge  will  permit 
him  to  more  efficiently  and  effectively  select  the  appropriate  information  op- 
tions for  display. 

The  operator  must  be  well -trained  and  confident  about  his  ability  to  ope- 
rate the  system.  Recognizing  that  sign  usage  in  the  smaller  metropolitan 
areas  or  in  rural  areas  may  be  infrequent,  provisions  should  be  made  to  re- 
train the  operators  and  to  practice  sign  operation  under  simulated  conditions. 
The  CMS  control  console  and  associated  hardware  and  software  should  be  de- 
signed to  allow  the  operators  to  go  through  the  actual  motions  of  operating 
the  system  and  seeing  the  messages  appear  on  the  confirmation  panel  without 
the  messages  actually  being  displayed  on  the  signs  in  the  field.  These 
simulations  should  be  conducted  with  a  supervisor  at  least  every  6  months. 
The  operator  should  be  encouraged  to  practice  the  simulated  operations  on  his 
own  at  more  frequent  intervals. 

System  Operation 

The  decision  was  made  by  the  local  highway  and  police  agencies  that  the 
San  Antonio  CMS  system  would  be  operated  by  the  SAPD.  The  SAPD  administrators 
and  supervisors  were  enthusiastic  supporters  and  lent  considerable  encourage- 
ment for  this  arrangement.  Many  institutional,  personnel  and  funding  con- 
straints limited  the  capability  of  the  local  police  to  staff  the  system  to  the 
levels  needed  to  maintain  an  effective  system  during  the  two  year  study.  How- 
ever, the  SAPD  believes  that  the  police  should  have  operational 
responsibil  ity. 
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Recommendations — Some  local   police  departments  are  in  a  position  to  assume 
responsibility  for  operating  MIDSs  in  urban  areas.     When  the  system  is  to  be 
operated  by  local   or  state  highway  agencies,  the  police  should  be  involved 
with  the  planning  and  design  of  the  system,  and  must  be  an  involved  partner 
when  the  system  is  operated. 

Te leeommunieations 

As  previously  discussed,   the  operator's  console  (TTY)   in  San  Antonio  com- 
municated with  each  sign  by  way  of  a  telephone  dial-up  system.     This  required 
that  a  sign  had  to  be  called  before  a  message  could  be  displayed,  changed  or 
removed.     Although  the  amount  of  time  required  would  not  be  excessive  and  the 
efficiency  of  operation  would  not  be  seriously  affected  for  a  two-sign  system 
with  an  experienced  operator,  problems  could  arise  with  larger  urban  area  sys- 
tems or  when  operators  are  not  proficient  in  the  use  of  the  CMS  system. 
Experiences  with  the  telephone  dial-up  system  in  San  Antonio  indicated  that  it 
was  quite  inadequate  for  the  occasional    user  who  had  a  multitude  of  other 
simultaneous  responsibilities. 

Recommendati ons--I t  appears  that  the  telephone  dial-up  system  may  be  adequate 
for  a  small   number  of  isolated  CMSs  in  urban  areas  or  for  small   CMS  systems  in 
rural   areas.     However,  most  urban  systems  should  employ  other  telecommunica- 
tions techniques  to  minimize  the  time  required  to  change  messages  on  the 
signs. 

Surveillance 

Surveillance  is  required  for  incident  detection  and  an  assessment  of  the 
operating  conditions  in  the  corridor.  Detection  of  incidents,  especially  dur- 
ing peak  periods,  posed  very  little  problem  in  this  study.  The  thoroughness 
with  which  the  SAPD  covered  the  freeway  system  with  ground  and  air  units  re- 
duced incident  detection  time  to  the  lowest  time  possible  without  extensive 
freeway  instrumentation.  For  maximum  effectiveness,  incidents  should  be  de- 
tected rapidly  enough  to  allow  the  initiation  of  diversion  before  the  exits  to 
alternate  route(s)  are  blocked  by  the  queue  from  the  incident. 

Accurate  identification  of  the  incident  location  is  also  critical. 
Selection  of  messages  is  highly  dependent  on  the  location  of  the  incident. 
The  more  specific  the  description  of  the  incident  in  the  CMS  messages,  the 
more  critical  the  identification  of  the  incident  location  becomes.  For  exam- 
ple, "ACCIDENT  AT  DURANGO"  requires  a  much  more  accurate  location  determina- 
tion than  does  "ACCIDENT  NORTH  OF  US-90." 

A  second  important  function  of  surveillance  is  to  provide  information 
about  conditions  in  the  corridor.  In  San  Antonio,  the  dispatcher/sign  opera- 
tor had  to  rely  on  those  officers  in  the  field  to  describe  the  conditions  on 
the  freeway.  The  patrol  officers  were  in  most  cases  so  busy  with  investigat- 
ing the  incident  and  moving  traffic,  that  they  were  not  able  to  provide  this 
information  to  the  operator.  Thus,  the  operator  was  required  to  "blindly" 
operate  the  CMS  without  having  the  assurance  and  confidence  that  the  messages 
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he  displayed  were  the  correct  ones  for  the  existing  conditions.     Eventually, 
some  of  the  operators  decided  not  to  use  the  signs. 

Recommendations--Use  of  police  patrols  is  a  good  way  to  identify  the  occur- 
rence  and  location  of  freeway  incidents  in  small  metropolitan  areas.     It  is 
not  adequate  to  provide  detailed  information  concerning  the  traffic  conditions 
on  the  freeway  so  that  the  operator  can  make  appropriate  decisions  about  the 
messages.     Electronic  detector  surveillance  complemented  with  closed  circuit 
television  are  necessary  parts  of  a  CMS  system  in  urban  areas. 
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Chapter  13 
DATA  ACQUISITION  FOR  POINT  DIVERSION 


Introduction 


To  evaluate  the  effectiveness  of  the  MIDS  in  San  Antonio,  three  types  of 
data  were  collected:  sign  usage  data,  accident  data,  and  volume  data.  This 
section  of  the  report  relates  how  the  data  were  collected,  problems  encoun- 
tered, and  recommendations  for  future  systems. 

Sign  Usage  Data 

The  CMSs  were  operated  by  SAPD  dispatchers  thru  use  of  a  teletype  phone 
control  system.  The  teletype  printout  created  by  use  of  the  CMSs  was  the  ini- 
tial source  of  data. 

Operators  were  asked  to  record  the  following  information  on  the  printout 
each  time  the  CMSs  were  used:  time,  date,  accident  assignment  number,  loca- 
tion of  accident,  time  message  activated,  and  time  message  cleared.  Message 
codes  were  printed  automatically  when  the  message  was  activated  or  cleared. 
TTI  personnel  retrieved  these  printouts  on  a  weekly  basis. 

Field  personnel  were  asked  to  complete  a  supplemental  form  (in  addition 
to  their  accident  report)  to  be  routed  to  the  Accident  Prevention  Bureau  for 
each  time  they  requested  usage  of  the  CMSs.  This  form  included  the  following 
information:  date,  time,  accident  assignment  number,  reason  for  message 
(accident,  stall,  maintenance  or  other  specified),  incident  location,  location 
traffic  was  backed  up  to,  the  number(s)  of  the  message(s)  displayed,  and  any 
additional  information/comments. 

Taped  conversations  between  SAPD  patrol  officers  and  the  CMSs  operators 
were  rerecorded  onto  cassette  tape  by  TTI  personnel  for  selected  sign  usage 
cases.  The  tapes  were  made  primarily  for  determining  any  operational  problems 
encountered  by  the  CMS  operators  or  field  personnel  in  using  the  CMSs  but  also 
provided  additional  information  about  the  incident  for  which  the  signs  were 
used. 

Additional  information  about  the  operation  of  the  CMSs  were  obtained  dur- 
ing meetings  conducted  among  participating  agencies  and  in  informal  interviews 
with  various  SAPD  staff  members  including  dispatchers,  field  personnel,  and 
administrators. 

Numerous  conditions  arose  that  directly  resulted  in  incomplete  or  loss  of 
data.  The  dispatcher's  primary  duties  were  to  monitor  and  respond  to  any 
traffic  situation  within  the  entire  city  limits  of  San  Antonio  (dispatch 
patrolmen,  wreckers,  ambulances,  etc.).  The  time  to  operate  the  CMSs  during 
peak  periods  and  adverse  weather  was  limited.  As  a  result  of  these  condi- 
tions, coupled  with  infrequent  use,  the  dispatcher  often  failed  to  record 
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elements  of  the  pertinent  data  onto  the  teletype  printout.  In  addition,  field 
officers  frequently  failed  to  complete  or  submit  the  supplemental  form  with 
their  Accident  Report.  The  incomplete  data  caused  some  of  the  potential  case 
study  incidents  to  be  omitted  from  the  studies,  and  contributed  to  delays  in 
retrieving  data  for  other  cases. 

Recommendations--The  relevant  sign  usage  data  should  be  recorded  by  the  CMS 
operator  and  not  the  field  officer.  One  method  would  be  to  provide  the  ope- 
rator with  a  check  list  and  forms  which  outline  variables  for  the  pertinent 
data.  Since  forms  have  a  way  of  not  getting  completed  a  better  approach  would 
be  to  program  the  CMS  signs  in  such  a  manner  as  to  automatically  print  on  hard 
copy  certain  of  these  variables  and  list  the  others  for  the  operator  to  record 
data  by  responding  to  a  key  word.  Information  such  as  the  time  of  day,  mess- 
age content,  and  sign  number  should  be  programmed  to  print  automatically  each 
time  a  message  is  displayed  or  cleared.  Key  words  for  other  data  as  required 
in  the  research  herein  are:  accident  assignment  number,  date,  location,  acci- 
dent or  other,  and  traffic  backed  to.  This  not  only  provides  the  operator 
with  confirmation  of  what  is  actually  being  displayed  but  a  record  for  future 
use. 


Accident  Data 

SDHPT  maintains  accident  report  files  on  all  accidents  which  occur  on 
State  maintained  roadways.  In  searching  these  files,  TTI  personnel  compiled  a 
listing  of  pertinent  information  on  a  monthly  basis  for  all  northbound  acci- 
dents which  occurred  within  the  study  area  and  time.  This  information 
included:  day  of  month,  police  patrol  district,  time  accident  occurred,  time 
police  arrived,  location  of  accident  (nearest  cross-street  or  intersection), 
and  accident  assignment  number.  The  information  from  these  listings  were  used 
to  select  non-signed  incidents  with  similar  characteristics  and  non-incident 
periods  (for  base  conditions)  to  compare  to  cases  for  which  CMSs  were  used. 
In  addition  to  these  listings,  TTI  personnel  also  obtained  copies  of  the  Acci- 
dent Reports  for  those  accidents  for  which  CMSs  were  used.  Information  ex- 
tracted from  these  reports  were:  severity,  number  of  vehicles  involved, 
lane(s)  where  the  accident  occurred,  weather  conditions,  surface  conditions, 
light  conditions,  location  of  accident  in  terms  of  distance  (in  feet)  and 
direction  from  nearest  cross-street,  officer's  interpretation  of  how  accident 
occurred,  contributing  factors,  and  a  sketch  (combination  collision  and  condi- 
tion diagram).  These  data  were  summarized  for  each  sign  usage  case  to  provide 
the  staff  a  complete  picture  of  each  situation. 

A  time  lag  of  one  to  six  weeks  existed  between  the  time  of  the  accident 
and  when  the  SAPD  furnished  SDHPT  with  copies  of  the  Accident  Reports.  SDHPT 
filed  all  copies  by  location.  However,  accidents  involving  fatalities  or 
damage  to  State  property  were  filed  separately.  Initially,  TTI  was  not  in- 
formed that  these  latter  two  files  were  maintained.  This  caused  some  confu- 
sion and  delay,  but  otherwise  these  data  were  easily  retrieved. 
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Recommendations—Accident  Reports  of  sign  usage  cases  should  be  attached  to 
the  CMS  operator's  report.     Any  other  pertinent  information  or  comments  should 
also  be  included  in  a  report  completed  by  the  operator. 

Volume  Data 

In  order  to  estimate  the  number  of  vehicles  diverting  during  a  lane 
closure  incident,  six  temporary  automated  traffic  counters  were  installed  at 
key  locations.  These  locations  were:  one  on  the  freeway  mainlanes  upstream 
from  the  diversion  point,  three  on  freeway- to- freeway  connector  ramps,  and  two 
on  exit  ramps  to  the  downtown  area.  Volume  data  from  these  counters,  supple- 
mented by  volume  data  from  four  mainlane  permanent  traffic  counters,  were  to 
provide  the  researchers  with  the  complete  traffic  flow  picture. 

Under  a  separate  contract  with  FHWA  for  the  first  year  of  the  research 
and  under  a  subcontract  with  TTI  the  second  year,  the  SDHPT  agreed  to: 

1.  Install  and  maintain  the  six  temporary  automatic  traffic  counters, 
collect  5-minute  counts  continuously  and  furnish  TTI  with  all  data 
tapes; 

2.  Maintain  the  four  permanent  automatic  traffic  counters,  and  furnish 
TTI  with  copies  of  standard  monthly  printouts  (1-hour  intervals  from 
three  and  15  minute  intervals  from  the  fourth). 

Data  tapes  obtained  from  the  six  temporary  counters  were  transmitted  to 
TTI  approximately  every  two  weeks.  TTI  converted  the  data  from  these  tapes 
onto  magnetic  tape  for  easier  handling.  These  data  were  then  listed  and 
checked  for  completeness  and  quality.  Data  for  selected  days  were  edited, 
formatted,  and  printed  in  a  matrix. 

To  expedite  the  initiation  of  these  volume  counts,  TTI  purchased  the  six 
electro-mechanical  temporary  automatic  traffic  counters.  SDHPT  purchasing 
would  have  added  significant  delays.  These  counters  were  not  of  the  same 
brand  as  those  possessed  by  the  SDHPT.  Thus,  initial  malfunctions  took  longer 
than  normal  to  correct. 

The  counters  were  designed  to  operate  continuously  for  short  duration 
counts  (i.e.,  one-  or  two-day  periods).  Count  data  are  punched  on  paper  tape 
with  normal  sensing  accomplished  by  pneumatic  tubes.  In  order  to  obtain 
5-minute  counts,  time  clocks  were  put  into  the  temporary  counter.  Twelve  volt 
wet  cell  batteries  were  used  to  power  these  counters  because  the  cost  of  bat- 
teries versus  the  cost  of  installing  line  power  was  substantially  greater. 

Initially,  these  counts  were  made  continuously  but  two  problems  arose: 
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1.  the  paper  tape  punched  by  the  counter(s)  exceeded  the  take-up  spool 
capacity  in  less  than  one  week,  and 

2.  the  batteries  discharged  in  less  than  one  week. 

The  solution  was  to  operate  the  counters  from  7am  to  7pm  daily.  Since 
the  counters  were  designed  to  run  continuously,  the  turning  off  at  7pm  and  on 
at  7am  caused  some  erroneous  counts.  This  problem  was  resolved  after  talking 
to  the  manufacturer  and  bench-testing  a  few  counters. 

Other  problems  which  contributed  or  caused  loss  of  volume  data  were: 

1.  normal  discharging  of  batteries--after  a  period  of  time,  batteries 
lost  their  ability  to  hold  a  charge, 

2.  periodic  malfunction  of  paper  tape  mechanism, 

3.  electrical  problems  occurred  after  counters  had  been  in  use  for  a 
period  of  time, 

4.  counters  damaged  or  destroyed  when  struck  by  vehicles,  and 

5.  time  lag  between  counts  being  completed  and  data  tapes  being  pro- 
cessed caused  delays  in  notification  of  counter  problems. 

Recommendations- -If  counts  are  to  be  made  continuously,  permanent  counters 
should  be  used.  Likewise,  line  power  should  be  run  to  each  permanent  counter. 
Manual  counts  from  various  locations  should  be  made  to  determine  proper  place- 
ment of  counters  in  order  to  obtain  the  desired  level  of  sensitive.  To  assure 
quality,  the  agency  maintaining  counters  should  also  process  the  data. 
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APPENDIX  A 
GUIDE  SIGN  MODIFICATIONS  FOR  1-35  REROUTING 
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Figure  32  -  Locations  of  Guide  Signs  on  Eastbound  I -10 
Along  Diversion  Route 
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Figure  33— Guide  sign  modifications  on  eastbound  1-10 
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Figure  34  -  Locations  of  Guide  Signs  on  Westbound  I- 10 
Approaching  Diversion  Route 
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Figure  35— Guide  sign  modifications  on  westbound  1-10 
approaching  diversion  route 
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Figure  36  -  Locations  of  Guide  Signs  on  Northbound  1-37 
Along  Diversion  Route 
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Figure  37— Guide  sign  modifications  on  northbound  I-37 
along  diversion  route 
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APPENDIX  B 

EVALUATION  OF  DIVERSION 
DUE  TO 
RE-ROUTING  OF  1-35 


Objectives 

The  primary  objective  of  this  phase  of  the  study  was  to  determine  how 
many  thru  drivers  on  northbound  1-35  shifted  to  the  diversion  route  as  a  re- 
sult of  the  guide  sign  changes.  Specifically,  the  objectives  were  to: 

1.  estimate  the  number  of  potential  diverters,  and 

2.  estimate  the  amount  of  diversion. 

A  thru  trip  is  one  with  an  origin  south  of  the  diversion  point  (I-35/I-10E 
interchange)  and  destination  north  of  the  diversion  link  (I-37/I-35  inter- 
change). 

Approach 

Before  Studies 

Estimation  of  the  number  of  potential  diverters  involved  the  following 
steps: 

1.  Determination  of  the  number  of  thru  drivers  from  a  previous  planning 
survey's  origin-destination  (0-D)  data; 

2.  Development  of  annual  traffic  volume  growth  factors  in  the  corridor; 

3.  Extrapolation  of  the  planning  survey  volumes  to  the  study  year 
(1977);  and 

4.  Distribution  of  thru  drivers  by  route  (primary  or  diversion)  from 
license  plate  0-D  survey. 

The  most  recent  study  providing  information  from  which  thru  trips  could 
be  estimated  was  the  "1969  Origin-Destination  Survey"  prepared  by  the  San 
Antonio  Bexar  County  Urban  Transportation  Study  (SABCUTS)U).  This  survey 
gives  detailed  information  on  the  number  of  daily  trips  among  various  external 
stations  (at  the  County  line)  and  internal  districts  (within  the  County). 

The  two  external  stations  and  internal  areas  that  are  most  relevant  to 
the  1-35  redesignation  study  are  shown  in  Figure  38.  These  stations  and  areas 
were  assumed  to  include  virtually  all  0-D  trip  combinations  that  would  require 
drivers  to  travel  on  primary  and  diversion  routes. 

A  traffic  volume  growth  factor  (1969  to  1977)  was  developed  based  on 
traffic  volumes  collected  over  the  years  by  a  SDHPT  permanent  counter  located 
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STATION 


Figure  38  -  Origin-Destination  Stations  and  Areas 
Considered  in  Thru  Trip  Estimation 
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on  the  primary  route  near  St.  Mary's  Street.  The  1969  thru  volumes  from  the 
planning  survey  0-D  data  were  then  extrapolated  to  1977  conditions  using  the 
growth  factor. 

License  plate  0-D  studies  were  conducted  prior  to  the  sign  changes  to  estimate 
the  distribution  of  thru  drivers  between  the  primary  and  diversion  routes. 
Study  days  and  time  periods  were  selected  to  include  a  good  sampling  of 
non-local  drivers  since  it  was  anticipated  that  this  classification  of  drivers 
would  best  be  influenced  by  the  sign  changes.  The  "before"  0-D  studies  were 
therefore  conducted  on  a  Friday  and  Saturday  (September  23  and  24,  1977) 
during  the  hours  of  10-ll:00am,  l-2:00pm,  and  3-5:00pm.  To  conserve  on  study 
costs,  license  plate  surveys  were  made  only  in  the  northbound  direction.  An 
assumption  was  made  that  the  route  redesignation  would  have  similar  effects  on 
drivers  traveling  southbound  as  it  did  northbound. 

The  0-D  study  stations  for  the  "before"  surveys  are  shown  in  Figure  39. 
License  plate  numbers  of  all  northbound  vehicles  were  recorded  at  the  "origin" 
location  of  the  study  area  (Station  A)  and  at  the  "destination"  location  on 
each  of  the  two  possible  routes  (Stations  B  and  C).  At  Station  C  (the  1-37  to 
1-35  connector  ramp)  personnel  were  able  to  read  plate  numbers  from  ground 
level  and  record  them  on  cassette  tape  recorders.  Stations  A  and  B  were  high 
speed,  high-volume  freeway  locations  (1-35  at  Theo  Avenue  and  1-35  at  Brooklyn 
Avenue).  At  these  stations  it  was  necessary  for  personnel  to  sit  on  overhead 
bridge  structures  and  use  binoculars  to  read  and  record  the  license  plates. 
After  the  data  were  reduced  from  the  tapes,  the  license  plate  numbers  for 
vehicles  passing  the  two  "destination"  stations  (Stations  B  and  C)  were  com- 
puter-matched against  the  plate  numbers  recorded  at  the  "origin"  (Station  A) 
identify  the  total  thru  traffic  on  each  route.  This  technique  was  previously 
used  successfully  by  TTI  in  similar  studies  conducted  in  Dallas  (2). 

After  Studies 

Estimates  of  the  amount  of  diversion  was  made  from  a  license  plate  0-D 
survey  conducted  after  the  sign  changes.  The  data  were  adjusted  to  reflect 
seasonal  variations  in  traffic  volumes. 

License  plate  studies  were  conducted  on  a  Friday  and  Saturday  during  the 
same  time  periods  as  the  "before"  studies.  Because  of  the  Christmas  season, 
the  studies  were  delayed  until  January  13  and  14,  1978  to  reduce  any  possible 
bias  due  to  the  holiday  traffic. 

Results 

1969  Thru  Drivers 

The  results  of  the  1969  SABCUTS  0-D  data  analysis  are  shown  in  Table  13. 
The  analysis  indicates  that  4941  vehicles  per  day  (total  both  directions) 
traveled  thru  the  study  area  in  1969. 
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Figure  39  -  License 


Plate  Recording  Stations 


113 


TABLE  13 

THRU  DAILY  TRIPS  AMONG  EXTERNAL  STATIONS  AND 
INTERNAL  DISTRICTS  BASED  ON  1 969  O-D  DATA 


Bi -Directional 

Trips 

TOTAL 

Between 

and 

(Externa  I -Externa  I ) 

Station  2 

Station  15 

518 

(Externa  I- Interna  I ) 

Station  2 

Area  1 

13 

Station  2 

Area  3 

213 

Station  15 

Area  2 

61 

Station  16 

Area  4 

133 

( 1 nterna 1 -1 nterna 1 ) 

Area  1 

Area  2 

50 

Area  1 

Area  4 

187 

Area  2 

Area  3 

839 

Area  3 

Area  4 

2927 

TOTAL 

4941 
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Traffic  Volume  Growth 

The  annual  average  daily  traffic  (AADT)  in  the  Austin-Laredo  corridor  for 
the  years  1969  through  1977  were  estimated  from  counts  taken  on  the  primary 
route  near  St.  Mary's  Street.  These  data  are  shown  plotted  in  Figure  40. 

A  marked  decrease  in  AADT  is  noted  in  the  period  1970-1972  when  the  I-35/I-37 
interchange  was  under  construction.  A  minor  decrease  in  growth  rate  is  also 
evident  in  1974,  probably  due  to  the  energy  crisis. 

The  results  show  a  change  in  AADT  from  49,358  vehicles  per  day  in  1969  to 
61,085  in  1977— a  24%  increase  in  volume. 

Comparison  of  the  4941  thru  trips  estimated  from  the  1969  SABCUTS  study 
and  the  49,358  AADT  from  the  counters  revealed  that  the  estimated  thru  trips 
on  1-35  were  10%  of  the  total  traffic. 

Estimated  1977  thru  Volumes 

If  it  is  assumed  that  the  percentage  increase  in  thru  trips  was  identical 
to  the  percentage  increase  in  AADT,  the  24%  growth  can  be  applied  to  the  1969 
0-D  data.  This  results  in  an  estimate  of  5960  vehicles  per  day  (total  both 
directions)  traveling  thru  the  study  area  in  1977.  By  further  assuming  an 
equal  distribution  of  thru  trips  in  both  directions,  2980  thru  vehicles  per 
day  are  estimated  in  each  direction. 

License  Plate  Study 

Although  the  license  plate  0-D  study  technique  used  in  this  project  re- 
sults in  a  larger  sample  size  in  comparison  to  other  study  approaches,  license 
plate  0-D  surveys  of  freeway  vehicles  introduce  two  problems:  First  of  all, 
not  all  license  plates  can  be  read.  Secondly,  computer  routines  are  subject 
to  matching  errors.  Thus,  it  was  important  to  compare  the  actual  volumes  re- 
corded by  the  survey  party  at  the  origin  (input)  station  upstream  from  the 
diversion  point  to  those  obtained  from  automatic  counters  located  near  the 
survey  station.  Adjustments  to  the  survey  counts  could  be  made  should  any 
discrepancies  be  noted  in  comparison  to  the  automatic  counters.  In  addition, 
reading  and  interpretation  errors  can  result  in  34%  fewer  vehicles  being 
matched.  (See  Appendix  K  for  discussion  of  computer  matching  errors.)  The 
data  must  be  adjusted  accordingly. 

A  comparison  of  counts  from  the  license  plate  study  and  automatic 
counters  is  made  in  Table  14.  Assuming  that  the  automatic  counters  yielded 
accurate  data,  the  results  show  that  the  survey  crew  located  at  the  freeway 
input  station  recorded  on  the  average  88%  of  all  vehicles  passing  the  count 
station.  Although  this  value  represents  a  rather  good  sampling  of  the 
volumes,  the  license  plate  volume  data  must  be  adjusted  upward  by  12%  to  ob- 
tain a  more  accurate  estimate  of  the  number  of  thru  drivers  on  each  route.  In 
addition,  the  volumes  must  be  further  adjusted  by  34%  to  reflect  errors  attri- 
buted to  computer  matching. 
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TABLE  14 

COMPARISON  OF  LICENSE  PLATE  SURVEY  AND  PERMANENT 

COUNTER  TOTAL  VOLUMES 

BEFORE  SIGN  CHANGES 


Northbound 

Traffic  from  0-D  Survey 

Total  Northbound 

Percent  of 

Time  Period 

1-35 

Traffic  at  Theo 

Total  Northbound 

(Automatic  Counters) 

Number 

Traffic 

Friday,  9/23/77 

10:00-11:00  am 

2210 

1814 

82 

1 :00-  2:00  pm 

2530 

2166 

86 

3:00-  4:00  pm 

3020 

2590 

86 

4:00-  5:00  pm 

3130 

2688 

86 

Friday  Total 

10890 

9258 

85 

Saturday,  9/24/77 

10:00-1 1:00  am 

2480 

2224 

90 

1 :00-  2:00  pm 

2680 

2416 

90 

3:00-  4:00  pm 

2420 

2164 

89 

4:00-  4:39  pm 

2410 

2249 

93 

Saturday  Total 

9990 

9053 

91 

TOTAL 

20880 

18311 

88 
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Table  15  presents  a  summary  of  the  total  thru  volumes  recorded  during  the 
license  plate  survey.  The  thru  volumes  were  adjusted  upward  to  reflect  the 
discrepancies  between  the  license  plate  survey  and  the  automatic  counter 
volumes  and  computer  matching  errors.  The  results  reveal  that  on  the  average 
during  the  study  period,  the  northbound  thru  traffic  represented  10.2%  of  the 
total  traffic  entering  the  area  upstream  from  the  diversion  point.  This  per- 
centage compares  favorably  with  the  10%  thru  traffic  estimated  in  1969,  indi- 
cating that  the  percentage  of  thru  trips  remained  rather  constant  over  the 
years.  Of  primary  importance  is  the  distribution  of  thru  drivers  by  route  be- 
cause these  data  indicate  the  diversion  potential.  Table  16  summarizes  the 
results  of  the  license  plate  survey  reflecting  the  route  choice  by  drivers. 
As  can  be  seen  in  the  Table,  it  is  estimated  that,  on  the  average,  78%  of  all 
thru  drivers  used  the  primary  route  while  22%  used  the  diversion  prior  to  the 
sign  changes. 

Estimated  Diversion  Potential 

It  was  noted  earlier  that  an  estimated  5960  thru  trips  were  made  each  day 
in  1977  (2980  in  each  direction).  Using  the  route  distribution  found  in  the 
license  plate  surveys,  78%  or  approximately  4650  thru  trips  per  day  were  made 
on  the  primary  route.  This  indicates  the  traffic  available  for  diversion. 
This  volume  amounts  to  8%  of  the  total  traffic  on  1-35. 

Included  in  this  diversion  potential  are  all  ranges  of  driver  familiar- 
ity. Local  drivers  may  elect  to  remain  on  the  original  1-35  route.  There- 
fore, it  should  be  recognized  that  not  all  of  the  drivers  who  could  poten- 
tially use  the  diversion  route  would  likely  divert  as  a  result  of  route 
redesignation. 

Route  Choice  After  Sign  Changes 

Table  17  compares  the  license  plate  0-D  volumes  with  those  of  permanent 
counters.  As  can  be  seen,  assuming  the  automatic  counter  data  are  accurate, 
the  license  plate  freeway  volume  was  on  the  average  89%  of  the  total  volume. 
This  compares  with  88%  (Table  14)  for  the  before  study.  As  in  the  before 
study,  the  license  plate  data  were  adjusted  upward  to  reflect  the  volume  dif- 
ferences in  comparison  with  the  automatic  counter  and  the  34%  anticipated 
error  due  to  the  computer  matching  errors  previously  discussed. 

Thru  traffic  as  a  percentage  of  total  northbound  traffic  entering  the 
study  area  is  summarized  in  Table  18.  After  the  route  redesignation,  the  thru 
traffic  represented  11.2%  of  the  total  northbound  traffic;  8.1%  used  the  pri- 
mary route  and  3.1%  the  diversion  route.  Thru  traffic  was  1.0%  greater  than 
before  the  sign  changes.  The  increased  thru  traffic  was  essentially  on  the 
diversion  route.  Before  the  sign  changes  (Table  15),  8.0%  of  the  total  traf- 
fic used  the  primary  route,  and  2.2%  used  the  diversion  route.  After  the  sign 
changes,  8.1%  used  the  primary  route  and  3.1%  used  the  diversion  route. 

Data  summarized  in  Table  19  reveal  that  there  was  a  6%  increase  in  the 
percentage  of  thru  drivers  who  took  the  diversion  route  after  the  sign 
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TABLE  16 

PERCENT  OF  THRU  DRIVERS  BY  ROUTE 
BEFORE  SIGN  CHANGES 


Thru  Dr 

i  vers 

Using 

Thru  Dr 

i  vers 

Using 

Time  Period 

Prima 

ry  Route 

Diversion  Route 

Percent  of 

Percent  of 

Number* 

Thru 

Traffic 

Number* 

Thru 

Traffic       i 

Friday,  9/23/77 

10:00-1 1:00  am 

100 

77 

30 

23 

1 : 00-  2 : 00  pm 

III 

83 

22 

17 

3:00-  4:00  pm 

175 

71 

73 

29 

4:00-  5:00  pm 

197 

78 

55 

22 

Friday  Total 

583 

76 

180 

24 

Saturday,  9/24/77 

10:00-11:00  am 

162 

83 

34 

17 

1 :00-  2:00  pm 

173 

76 

54 

24 

3:00-  4:00  pm 

120 

71 

48 

29 

4:00-  5:00  pm 

203 

86 

44 

14 

Saturday  Total 

658 

80 

169 

20 

TOTAL 

1241 

78 

349 

22 
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TABLE  17 

COMPARISON  OF  LICENSE  PLATE  SURVEY  AND  PERMANENT 

COUNTER  TOTAL  VOLUMES 

AFTER  SIGN  CHANGES 


Northbound 

Traffic  from  0-D  Survey 

Total 

Northbound 

Percent  of 

Time  Period 

1-35 

Traffic  at 

Theo 

Total  Northbound 

(Automatic  Counters) 

Number 

Traffic 

Friday,  I/I3/78 

10:00-1 1:00  am 

2100 

1906 

91 

1 :00-  2:00  pm 

2510 

2272 

91 

3:00-  4:00  pm 

3070 

2577 

84 

4:00-  5:00  pm 

3050 

2550 

84 

Friday  Total 

10730 

9305 

87 

Saturday,  1/14/78 

10:00-11:00  am 

2270 

2117 

93 

1:00-  2:00  pm 

2690 

2562 

95 

3:00-  4:00  pm 

2510 

2332 

93 

4:00-  4:39  pm** 

1684 

1474 

88 

Saturday  Total 

9154 

8484 

93 

TOTAL 

19884 

17789 

89 

**Tape  Recorder  Malfunction 
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TABLE  19 

PERCENT  OF  THRU  DRIVERS  BY  ROUTE 
AFTER  SIGN  CHANGES 


Thru  Dri 

vers 

Using 

Thru 

Drivers  Using 

Time  Period 

Primar 

y  Route 

Di 

/ersion  Route 

Pe 

rcent  of 

Percent  of 

Number* 

Thr 

j  Traffic 

Number* 

Thru  Traffic 

Friday,  1/13/78 

10:00-1 1:00  am 

103 

70 

45 

30 

1 :00-  2:00  pm 

170 

80 

42 

20 

3:00-  4:00  pm 

204 

77 

62 

23 

4:00-  5:00  pm 

147 

&5_ 

79 

35 

Friday  Total 

624 

73 

228 

27 

Saturday,  1/14/78 

10:00-1 1:00  am 

128 

73 

48 

27 

1 :00-  2:00  pm 

176 

75 

60 

25 

3:00-  4:00  pm 

167 

70 

70 

30 

4:00-  4:39  pm** 

103 

66 

52 

34 

Saturday  Total 

574 

71 

230 

29 

TOTAL 

1198 

72 

458 

28 

"Adjusted 
**Tape  Recorder  Malfunction 
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changes.  Twenty-eight  percent  of  the  thru  drivers  used  the  diversion  route  in 
comparison  with  22%  who  used  it  before  the  sign  changes  (Table  14). 

The  data  were  further  analyzed  to  estimate  the  actual  volume  of  traffic 
that  was  influenced  by  the  sign  changes  during  the  study  days  in  January.  In 
order  to  estimate  the  volumes,  two  assumptions  were  made.  First  of  all,  it 
was  assumed  that  the  average  percent  of  arriving  freeway  traffic  on  northbound 
1-35  determined  from  the  license  plate  studies  as  traveling  thru  the  study 
area  is  valid  for  the  entire  day.  Secondly,  the  average  percentage  distribu- 
tion of  thru  drivers  on  the  two  routes  obtained  from  the  field  study  was 
assumed  to  hold  true  for  the  entire  day. 

Another  factor  that  had  to  be  considered  was  the  seasonal  variation  in 
traffic  volume  between  September  (when  the  before  data  were  collected)  and 
January.  The  volume  data  therefore  must  be  normalized  to  account  for  the 
seasonal  variations.  Thus,  the  volume  data  were  normalized  in  terms  of  annual 
average  daily  traffic.  An  estimate  of  the  thru  traffic  using  a  specific  route 
during  one  of  the  four  study  days  was  obtained  from  the  following  equation: 

(Total  Traffic  \   /  \   /  Fraction  of  \ 

on      X  Seasonal  Correction  X  Total  Traffic! 
1-35  at  Theo/   \      Factor     /   \  Using  Route/ 

Data  used  in  estimating  the  average  daily  change  in  thru  northbound  traf- 
fic on  each  route  are  presented  in  Table  20.  The  total  northbound  volumes  on 
1-35  were  obtained  from  automatic  counters  located  near  Theo  Ave.  Seasonal 
correction  factors  were  computed  from  data  documented  in  the  SDHPT  annual  sum- 
mary of  freeway  volumes  (3h  The  fractions  of  total  traffic  using  each  route 
were  derived  from  the  license  plate  0-D  studies  summarized  in  Tables  15  and 
18. 

Table  20  indicates  that  1325  1-35  northbound  thru  vehicles  per  day  used 
the  diversion  route  during  the  September  study  days  and  1000  vehicles  per  day 
during  January—an  increase  of  325  vehicles  per  day  (normalized  to  annual 
average  daily  traffic). 

If  it  can  be  assumed  that  the  change  in  the  southbound  direction  is  the 
same  as  the  northbound,  then  it  is  estimated  that  approximately  650  thru 
vehicles  per  day  on  1-35  were  influenced  by  the  static  sign  change  during  the 
January  study  days. 

In  summary,  the  percentage  of  northbound  drivers  traveling  thru  the  study 
area  increased.  In  addition,  there  was  a  significant  increase  in  the  number 
of  thru  drivers  that  used  the  diversion  route. 
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APPENDIX  C     -  QUESTIONNAIRES 
4g 


COMMISSION  STATE  DEPARTMENT  OF  HIGHWAYS  engineer-director 
AND  PUBLIC  TRANSPORTATION  b .  l .  deberry 

REAGAN  HOUSTON,   CHAIRMAN  

DEWITT  C.  GREER 
CHARLES  E.  SIMONS 


IN  REPLY  REFER  TO 
FILE  NO. 


Dear  Motorist: 


The  State  Department  of  Highways  and  Public  Transportation  is  continually 
searching  for  ways  to  improve  your  safety  and  convenience  on  our  urban  freeway 
system.  Currently  under  evaluation  are  the  primary  freeway  routes  which  carry 
northbound  traffic  through  the  City  of  San  Antonio  and  the  informational  signs 
which  guide  traffic  along  these  routes.  On  Friday,  September  23,  1977,  traffic 
studies  were  conducted  on  1-35,  1-10,  and  1-37  in  San  Antonio  to  evaluate 
existing  patterns  of  traffic  movement  through  the  city.  We  are  asking  a  select 
group  of  motorists  to  help  us  further  evaluate  the  results  of  these  traffic 
studies. 

Your  vehicle  was  observed  traveling  northbound  through  San  Antonio  on  1-35 
between  the  hours  of  10:00  am  and  5:00  pm  on  September  23.  We  would  appreciate 
your  providing  us  with  some  additional  information  concerning  your  trip  and 
others  you  have  made  through  the  city  by  completing  the  enclosed  questionnaire. 
If  you  were  not  the  driver  of  the  vehicle,  would  you  please  ask  the  person  who 
drove  the  vehicle  to  complete  the  questionnaire.  Please  return  the  questionnaire 
in  the  enclosed  pre-paid  envelope  as  soon  as  you  can. 

Thank  you  for  your  cooperation. 

Very  truly  yours, 


Enclosure 

NOTE:  We  obtained  your  address  from  a  license  plate  survey  conducted  on  1-35 
It  is  possible  that  we  may  have  misread  the  license.  If  so,  please 
ignore  this  letter. 

Fiqure  41  -  Example  Cover  Letter 
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State  Department  of  Highways  an  Public  Transportation 
Route  Preference  Questionnaire 


You  may  want  to  refer  to  the  above  map  of  the  San  Antonio  area  when 
answering  the  following  questions. 


Not  including  the  trip  you  made  on  Friday,  September  23,  1977,  how 
often  do  you  take  1-35  (Route  A)  to  travel  northbound  through  San 
Antonio?  Check  one. 

CH  1-5  times  per  week 
D  1-3  times  per  month 
U  Less  than  once  a  month 
LJ  Never  before 

How  often  do  you  take  1-10  and  1-37  (Route  B)  to  travel  northbound 
through  San  Antonio,  Check  one. 


LJ  1-5  times  per  week 

LI  1-3  times  per  month 

(Zl  Less  than  once  a  month 

D  Never  before 


Figure  42  -  "Before"  Questionnaire  for  Route  A  Motorists 
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3.  How  do  you  decide  which  of  the  two  routes  to  take? 


At  the  time  your  vehicle  was  observed  traveling  northbound  through 
the  city,  what  was  the  purpose  of  your  trip?  Check  one. 

Going  to  or  from  work  or  school 
^J  Pleasure  or  recreation 
Shopping 

Personal  business 
\~\   Other  

Where  did  this  trip  begin?  (Give  either  the  Zip  Code  or  a  nearby 
major  intersection;  please  list  the  city  if  other  than  San  Antonio.) 


What  was  your  destination?  (Give  either  the  Zip  Code  or  a  nearby 
major  intersection;  please  list  the  city  if  other  than  San  Antonio.) 


Thank  you  for  your  help.  Please  feel  free  to  write  additional  comments 
in  the  space  below. 
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State  Department  of  Highways  and  Public  Transportation 
Route  Preference  Questionnaire 


You  may  want  to  refer  to  the  above  map  of  the  San  Antonio  area  when 
answering  the  following  questions. 


1.  Not  including  the  trip  you  made  on  Friday,  September  23,  1977,  how 
often  do  you  take  1-10  and  1-37  (Route  B)  to  travel  northbound  through 
San  Antonio?  Check  one. 

|  1-5  times  per  week 

Q  1-3  times  per  month 

| |  Less  than  once  a  month 

|  |  Never  before 

2.  How  often  do  you  take  1-35  (Route  A)  to  travel  northbound  through 
San  Antonio?  Check  one. 

i |  1-5  times  per  week 

1-3  times  per  month 

r~]  Less  than  once  a  month 

|  j  Never  before 

Figure  43  -  "Before"  Questionnaire  for  Route  B  Motorists 
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3.  How  do  you  decide  which  of  the  two  routes  to  take? 


4.  At  the  time  your  vehicle  was  observed  traveling  northbound  through  the 
city,  what  was  the  purpose  of  your  trip?  Check  one. 

Going  to  or  returning  from  work  or  school 
Pleasure  or  recreation 
Shopping 

Personal  Business 
|  Other  __ 

5.  Where  did  this  trip  begin?  (Give  either  the  Zip  Code  or  a  nearby 
major  intersection;  please  list  the  city  if  other  than  San  Antonio.) 


6.  What  was  your  destination?  (Give  either  the  Zip  Code  or  a  nearby 
major  intersection;  please  list  the  city  if  other  than  San  Antonio. 


Thank  you  for  your  help.  Please  feel  free  to  write  additional  comments 
in  the  space  below. 
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State  Department  of  Highways  and  Public  Transportation 
Route  Preference  Questionnaire 
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You  may  want  to  refer  to  the  above  map  of  the  San  Antonio  area  when  answering 
the  following  questions. 

1.  Not  including  the  trip  you  made  on  Friday,  January  13,  1978,  how  often  do 
you  take  Route  A  (see  map)  to  travel  northbound  through  San  Antonio? 
Check  one. 


D  1-5  times  per  week 
D  1-3  times  per  month 


LI  Less  than  once  a  month 
[J  Never  before 


How  often  do  you  take  Route  B  (see  map)  to  travel  northbound  through 
San  Antonio?  Check  one. 


LJ  1-5  times  per  week 
LJ  1-3  times  per  month 


Q  Less  than  once  a  month 
O  Never  before 


3.  Which  of  the  two  routes  do  you  prefer  to  drive? 

□  Route  A         □  Route  B        D  No  Preference 
If  you  indicated  a  preference,  please  explain  why  you  prefer  that  route. 


Figure  44  -  "After"  Questionnaire  for  Route  A  Motorists 
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4.  "Have  you  had  any  problems  following  the  freeway  signs  for  either  route?' 

[~*1  Yes   Q]  No 
If  "yes,"  please  explain. 


At  the  time  your  vehicle  was  observed  traveling  northbound  through  the 
city,  what  was  the  purpose  of  your  trip?  Check  one. 

I I  Going  to  or  from  work  or  school   I I  Pleasure  or  recreation 

1  Shopping  1  Personal  business      f~  ]  Other  


6.  Where  did  this  trip  begin?  (Give  either  the  zip  code  or  a  nearby  major 
intersection;  please  list  the  city  if  other  than  San  Antonio). 


7.  What  was  your  destination?  (Give  either  the  zip  code  or  a  nearby  major 
intersection/please  list  the  city  of  other  than  San  Antonio). 


Thank  you  for  your  help.  Please  feel  free  to  write  additional  comments  in  the 
space  below. 
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State  Department  of  Highways  and  Public  Transportation 
Route  Preference  Questionnaire 
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You  may  want  to  refer  to  the  above  map  of  the  San  Antonio  area  when  answering 
the  following  questions. 

1.  Not  including  the  trip  you  made  on  Friday,  January  13,  1978,  how  often  do 
you  take  Route  B  (see  map)  to  travel  northbound  through  San  Antonio? 
Check  one. 


Q  1-5  times  per  week 
LJ  1-3  times  per  month 


LJ  Less  than  once  a  month 
O  Never  before 


How  often  do  you  take  Route  A  (see  map)  to  travel  northbound  through 
San  Antonio?  Check  one. 


LJ  1-5  times  per  week 
LJ  1-3  times  per  month 


D  Less  than  once  a  month 
LJ  Never  before 


3.  Which  of  the  two  routes  do  you  prefer  to  drive? 

□  Route  A         □  Route  B        D  No  Preference 
If  you  indicated  a  preference,  please  explain  why  you  prefer  that  route, 


Figure  45  -  "After"  Questionnaire  for  Route  B  Motorists 
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4.   'Have  you  had  any  problems  following  the  freeway  signs  for  either  route?" 

□  Yes   □  No 
If  "yes,"  please  explain. 


5.  At  the  time  your  vehicle  was  observed  traveling  northbound  through  the 
city,  what  was  the  purpose  of  your  trip?  Check  one. 

I I  Going  to  or  from  work  or  school   I I  Pleasure  or  recreation 

(  |  Shopping        f™  1  Personal  business     [_  ]  Other 


Where  did  this  trip  begin?  (Give  either  the  zip  code  or  a  nearby  major 
intersection;  please  list  the  city  if  other  than  San  Antonio). 


7.  What  was  your  destination?  (Give  either  the  zip  code  or  a  nearby  major 
intersection/pleace  list  the  city  of  other  than  San  Antonio). 


Thank  you  for  your  help.  Please  feel  free  to  write  additional  comments  in  the 
space  below. 
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APPENDIX  D 

CHARACTERISTICS  OF  THRU  DRIVERS 
BEFORE  AND  AFTER 
1-35  RE-ROUTING 


Objectives 

The  objectives  of  this  portion  of  the  study  were  to  determine  the  charac- 
teristics of  thru  drivers  in  terms  of: 

1.  typical  origins  and  destinations,  and 

2.  familiarity  of  alternative  freeway  routes  around  the  downtown  area. 

Approach 

Questionnaires  were  mailed  before  and  after  the  sign  changes  by  the  SDHPT 
to  northbound  thru  drivers  identified  from  the  license  plate  studies.  The 
questionnaires  were  coded  by  study  time  periods  and  driver  travel  route.  The 
"after"  questionnaire,  in  addition  to  the  above  objectives,  was  also  designed 
to  query  drivers  as  to  whether  they  had  any  problems  following  the  freeway 
guide  signs  through  the  study  area.  Copies  of  each  questionnaire  and  an 
example  of  a  cover  letter  were  shown  in  Appendix  C. 

Addresses  of  the  thru  drivers  were  obtained  from  the  SDHPT  Motor  Vehicles 
Division.  Unfortunately,  addresses  for  out-of-state  residents  could  not  be 
obtained.  In  addition,  questionnaires  were  not  mailed  to  businesses  and  car 
rental  companies  because  of  the  difficulty  in  establishing  the  actual  driver 
of  the  vehicle.  The  lack  of  information  from  out-of-state  drivers  most  likely 
biases  results  toward  the  more  familiar  driver. 

It  should  be  noted  that  the  volume  of  license  plate  data  that  had  to  be 
reduced  from  the  audio  tapes  (45,000  plate  numbers  from  the  "before"  study  and 
130,000  from  the  "after"  study)  dictated  a  relatively  lengthy  time  between  the 
conduct  of  the  study  and  the  receipt  of  questionnaires  by  the  drivers.  This 
lag  time  (6-8  weeks)  may  have  diminished  individual  driver's  ability  to  recall 
some  particulars  of  the  trip  he  made  on  the  study  day.  Some  of  these 
deficiencies  were  anticipated  in  the  analysis  of  questionnaire  data. 

Results 

Response  Rate 

Table  21  summarizes  the  driver  questionnaire  response  rates.  The  first 
column  in  Table  21  represents  the  number  of  thru  drivers  adjusted  due  to 
errors  in  license  plate  counts  and  matches. 
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TABLE  21 
QUESTIONNAIRE  RESPONSE  RATES 


Before 

After 

Study 

Study 

Periods 

Periods 

1. 

Number  of  Thru  Drivers  from  License  Plate  Matches 

1401 

1483 

2. 

Number  of  Thru  Drivers  (Adjusted)* 

1590 

1753 

3. 

Number  of  Questionnaires  mailed 

1198 

1291 

4. 

Number  of  Questionnaires  Delivered 

1142 

1204 

5. 

Number  of  Completed  Questionnaires  Received 

408 

424 

Effective  Percent  Response  Rate    (#5  i-  #4) 

36 

35 

Effective  Percent  of  Thru  Drivers  Surveyed   (#5  r  #2) 

25 

24 

*From  Tables  15  and  18.  It  should  be  noted  that  the  I753  drivers  for  the  "after"  study 
Is  greater  than  the  1656  value  shown  in  Table  6.  This  is  due  to  the  fact  that  one  tape 
recorder,  used  at  the  origin  station  to  record  license  plate  numbers  on  one  of  the  lanes 
was  not  functional.  Thus  additional  license  plate  numbers  from  the  other  lanes,  matched 
between  4:39  and  5:00  pm,  were  available  for  the  questionnaire  survey.  However,  these 
data  could  not  be  used  to  estimate  percentages  of  thru  drivers  shown  in  Table  18. 
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Column  2  represents  the  actual  number  of  questionnaires  mailed  by  the 
SDHPT.  The  number  of  questionnaires  actually  delivered  to  drivers  is  shown  in 
Column  3.  These  values  reflect  the  fact  that  some  of  the  questionnaires  were 
returned  to  the  SDHPT  as  undel iverable  due  to  changes  of  addresses  or 
incorrect  addresses  in  the  filing  system.  Column  4  lists  the  number  of  ques- 
tionnaires completed  by  the  drivers  and  returned  to  the  SDHPT. 

The  results  in  Table  21  show  that  the  percent  of  deliverable  question- 
naires completed  by  the  drivers  and  returned  to  the  SDHPT-- the  effective  re- 
sponse rate--was  36%  for  the  before  study  and  35%  for  the  after  study.  The 
results  also  show  that  25%  of  the  estimated  number  of  thru  drivers  during  the 
before  study  periods  were  interviewed,  compared  to  24%  for  the  after  study. 
In  effect,  the  percent  of  thru  drivers  surveyed  during  each  study  was  essen- 
tially the  same. 

Frequency  of  Route  Usage 

Questions  1  and  2  were  included  in  the  questionnaires  with  the  belief 
that  the  usage  frequency  of  the  two  routes  would  reflect  driver  familiarity  of 
each  route,  which  would  then  give  some  clues  as  to  the  characteristics  of 
drivers  switching  to  the  diversion  route  after  the  sign  changes.  Drivers  were 
asked  to  indicate  how  often  they  used  each  route.  It  may  be  inferred  that 
drivers  who  traveled  the  route  1-5  times  per  week  could  be  considered  as  very 
familiar  drivers,  those  using  the  facility  1-3  times  per  month  as  familiar 
drivers,  less  than  once  a  month  as  somewhat  familiar,  and  never  before  as 
unfamil iar. 

Table  22  summarizes  driver  familiarity  based  on  the  frequency  of  route 
usage.  There  was  a  5%  reduction  in  the  proportion  of  thru  drivers  who  may  be 
considered  very  familiar  or  familiar  with  both  routes  (62%  before,  57%  after) 
with  a  corresponding  5%  increase  in  the  proportion  of  drivers  somewhat  famil- 
iar and  unfamiliar  with  both  routes  (9%  vs  14%).  Since  the  freeway  sign 
changes  were  directed  at  the  thru  drivers  less  familiar  with  the  routes,  the 
data  indicate  that  the  increased  usage  of  the  diversion  route  by  the  thru 
drivers  after  the  sign  changes  was  a  result  of  a  greater  percentage  of  less 
familiar  drivers  traveling  thru  the  city  during  the  after  study.  This  indi- 
cates that  sign  changes  were  successful  in  attracting  thru  drivers  to  the 
diversion  route. 

Local  vs.   Non-Looal  Drivers 

Another  analysis  was  performed  to  determine  the  type  of  drivers  (i.e., 
local  or  non-local)  traveling  thru  the  city  who  shifted  to  the  diversion 
route.  As  previously  discussed,  addresses  of  all  thru  drivers  determined  from 
the  license  plate  surveys  were  obtained  from  the  SDHPT  Motor  Vehicle  Division. 
Since  the  license  plate  studies  provided  data  as  to  which  route  drivers 
selected,  plate  numbers  on  each  route  could  be  matched  with  the  addresses  of 
the  drivers.  Those  drivers  residing  in  Bexar  County  were  categorized  as  local 
drivers;  whereas,  those  living  outside  Bexar  County  were  categorized  as  non- 
local drivers.  Even  though  addresses  were  not  obtained  for  out-of-state 
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TABLE  22 

ASSUMED  DRIVER  FAMILIARITY  BASED  ON 
FREQUENCY  OF  ROUTE  USAGE 


Before  Sign  Changes  (N=394) 


Primary 

Route 

Very  Fami  1 i 

ar  - 

Somewhat  Fami 1 iar  - 

Diversion 

Fami  1 iar 

Unfami 1 iar 

Route 

Very  Fami 1 iar  - 

62% 

8% 

Fami 1 iar 

Somewhat  Familiar  - 

2\% 

9% 

Unfami 1 iar 

After  Sign  Changes  (N=405) 


Primary 

Route 

Very  Fami  1 iar  - 

Somewhat  Fami 1 iar  - 

Diversion 

Fami 1 iar 

Unfami 1 iar 

Route 

Very  Fami  1 iar  - 

57* 

8% 

Fami 1 iar 

Somewhat  Familiar  - 

2\% 

14* 

Unfami 1 iar 
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drivers,   the  mere  fact  that  the  license  plate  numbers  were  available  allowed 
these  drivers  to  be  included  in  the  analysis.     Thus,   the  analysis  includes  all 
the  license  plate  matches  (thru  drivers)   for  both  the  before  and  after 
studies. 

The  results  revealed  that  there  was  a  definite  shift  to  the  diversion 
route  and  that  the  shift  was  being  made  primarily  by  non-local   drivers. 
Table  23  shows  that  prior  to  the  sign  changes,  22%  of  the  thru  drivers 
traveled  on  the  diversion  route  (20%  local   and  2%  non-local).     After  the  sign 
changes,  the  diversion  route  carried  26%  of  the  thru  drivers  (19%  local   and 
7%  non-local   drivers). 

The  route  selection,  based  on  driver  residence,   is  more  clearly  reflected 
in  Table  24.     Prior  to  the  sign  changes,  25%  of  the  local   drivers  traveling 
thru  the  study  area  chose  the  diversion  route.     After  the  sign  changes, 
24%  select  the  route--a  slight  but  probably  insignificant  increase  toward  the 
primary.     The  results,   however,   show  a  definite  increase  in  non-local   drivers 
on  the  diversion  route.     Prior  to  the  sign  changes,   10%  traveled  on  the  diver- 
sion route  after  the  sign  changes,  33%  traveled  on  the  route. 

Typical  0-D  Patterns 

Questions  5  and  6  in  the  before  and  7  and  8  in  the  after  questionnaires 
were  designed  to  establish  typical  0-D  patterns  of  the  drivers  traveling  thru 
the  study  area.  Unfortunately,  there  was  a  considerable  amount  of  inconsis- 
tency in  the  data  and  therefore,  the  0-D  patterns  could  not  be  established. 
For  example,  some  drivers  who  were  observed  from  the  license  plate  survey  to 
be  passing  thru  the  study  area  stated  they  did  not.  The  speculation  is  that 
since  many  of  the  drivers  surveyed  were  residents  of  Bexar  County  and  utilized 
the  freeway  system  regularly,  they  may  not  have  remembered  the  specific  trip 
in  question,  particularly  since  they  did  not  receive  the  questionnaire  until 
two  months  following  the  trip.  Another  factor  compounding  the  analysis  prob- 
lem was  that  the  out-of-state  drivers  could  not  be  surveyed  through  the  ques- 
tionnaire. 

Problems  in  Following  Freeway  Signs 

Question  4  in  the  after  questionnaire  was  intended  to  obtain  driver  in- 
put related  to  problems  in  following  the  freeway  signs  through  the  city.  Only 
33  drivers  out  of  424  stated  they  had  problems  and  gave  comments  about  the 
signs.  Most  of  the  comments  related  to  freeway  signing  in  general  in 
San  Antonio.  A  listing  of  the  comments  received  is  presented  in  Appendix  E. 
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TABLE  23 

DISTRIBUTION  OF  THRU  TRIPS  BASED 
ON  DRIVER  RESIDENCE 


Before  Sign  Changes  (N=1401) 


Route 

Local 
Dr  ivers 

Non-Loca 1 
Drivers 

Total 

Primary  Route 
Diversion  Route 

59$ 
20$ 

\9% 
2% 

78$ 
22$ 

TOTALS 

79% 

2\% 

100$ 

After  Sign  Changes  (N=1483) 


Route 

Loca  1 
Drivers 

Non-Loca 1 
Drivers 

Total 

Primary  Route 
Diversion  Route 

60$ 
19$ 

14$ 
7$ 

74$ 
26$ 

TOTALS 

79$ 

21$ 

100$ 
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Non-Local  Drivers 


TABLE  24 
ROUTE  CHOICE  BY  DRIVER  RESIDENCE 


Route 

Before 
Sign  Chanqe 

After 
Sign  Change 

Primary  Route 
Diversion  Route 

90$ 
10$ 

67$ 
33$ 

100$ 
(N  =  298) 

100$ 
(N  =  317) 

Local  Drivers 


Route 

Before 
Sign  Change 

After 
Sl_gn  Change 

Primary  Route 
Diversion  Route 

75$ 
25$ 

76$ 
24$ 

100$ 
(N  =»  1  103) 

100$ 
(N  =  1 166) 
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APPENDIX  E 

DRIVER  COMMENTS  ON 
PROBLEMS   IN  FOLLOWING  FREEWAY  SIGNS 

Drivers  on  Primary  Route  (Route  A) 

1.  When  you  come  from  the  south,  there  is  no  sign  saying  IH-37;  that   is  why 
I  used  to  take  Route  A,  because  I  didn't  know  the  other. 

2.  Going   into  San  Antonio  on  35  south  you  have  the  35 's  on  the  board  on  left 
side  of  road  when  you  hit  the  interchange  the  35' s   sign  is  on  the  right 
side  of  the  road  to  go  35  and  37S. 

3.  Since  both  signs  say  that  they  lead  to  the  same  place   (I  think!). 

4.  That   is  how  we  ended  up  on  Route  A  -  missed  the  signs  for  Route  B. 

5.  I  did  not  know  that  Route  B  would  take  you  to  Interstate  35. 

6.  10  East  onto  35N  yery  confusing. 

7.  The  1-37  South  slips  up  on  you  with  the  new  1-35/37  North-Austin  being 
more  prominent.     I  missed  3  7S  the  first  time  I  went  that  way  from  US90/ 
1-10. 

8.  If  you  were  not  familiar  with  town  you  want  to  go  1-35  to  1-37  and  back 
to  1-35  since  sign  changes  and  not  be  able  to  locate  locations   in 
between. 

9.  Signs  are  too  close  to  intersections,  not  enough  warning. 

10.  Some  of  the  signs  are  too  close  to  the  exits,  don't  give  you  enough  time 
get  out,  for  people  traveling  through  San  Antonio. 

11.  Some  of  the  signs  are  not  far  enough  back  from  exit  or  turn-off  intersec- 
tions.    I  find  in  several   places  where  motorists  do  not  have  sufficient 
advance  notice  for  interchange's,   safety  to  execute. 

12.  Occasionally  get  forced  onto  IH-10  because  of  insufficient  warning  of  up- 
coming exit  from  IH-35  to  IH-IO(W).     Understandable  attempt  to  reduce 
downtown  traffic  on  IH-35-10;   however,  anyone  with  a  map  of  San  Antonio 
would  take  the  more  direct  route  "a"  over  "b"  even  though  the  distance 
saved  is  minimal. 

13.  When  I  first  started  traveling  from  the  southwest  part  of  town  I  found 
myself  circling  the  city  to  get  to  1-10  north  because  I  thought  1-35  went 
to  1-10  north. 
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14.  Having  one  big   sign  with  two  directions  on   it.     It  would  be  safer  to  have 
2  signs,  one  for  each  direction.     I   would  like  to  compliment  the 
expressway  37.      It   is  the  best  way  to  go  in  the  San  Antonio  area,     I  feel 
that  there  is  not  quite  enough  indication  of  the  right  lane  becoming   only 
an  exit.     There  should  be  a  sign  or  signs   for  each  entrance  to  have  thru 
traffic  moved  to  the  extreme  left. 

15.  The  recent  route  #  change  was  confusing   and  not   necessary  -  prefer  old 
route. 

When  I  wanted  San  Antonio  college,   I  understood  to  find  the  San  Pedro 
exit.     The  signs  messed  me  up  because  I  found  37  and  35  to  be  the  same 
road   for  a  while  when  coming  off  of  10.     A  friend  of  mine  later 
complained  to  me  that  the  same  happened  to  him. 

17.  Southbound  at   IH35  and   IH37  junction,   I  missed   signs  and  ended  up  on  IH37 
not  IH35  South. 

18.  There  should  be  some  advance  signs  as   in  other  large  cities. 

19.  When  I   first  moved  to  San  Antonio  the  signs  were  yery  confusing   to  me  - 
possibly  because  35,  37,  and  410  were  one  and  the  same  in  certain  places 
at  that  time. 

20.  IH35   is  always  jam  on  my  way  to  work  (north)   and   I've  seen  more  accidents 
occur  on  this  freeway. 

21.  Going  north  on  35  to  get  off  and   catch  McAllister  on  extension  of  37 
(which  should  be  more  clearly  identified)  a  real    traffic   hazard   is  caused 
by  the  St.   Mary's  North  exit  upon  35. 

22.  Traveling  south  on  McAllister  Freeway  to   intersect  Route  A,   I  twice 
missed  the  right-hand  exit  lane  because  the  IH-35S  sign  was  changed  to 
another  number.     Could  Route  A's  highway  number  be  changed  to  "Business 
IH-35?"     The   new  number  is  confusing   when  someone  is  looking   for  the  old 
one. 

23.  People  from  out  of  town  do  not   know  what  McAllister  Freeway  is. 

24.  Downtown  where  branch  off  to  El    Paso  and   IH-10. 

25.  Signs  are  old,  hard  to  read,  and  don't  give  enough  time  to  react. 

26.  They  not  easy  to  see  when  traffic   is  heavy. 

Drivers  on  Diversion  Route  (Route  B) 

1.     Route  B  Southbound.     Exit   signs  marked   "Laredo"  very  difficult  to  follow. 
Suggest  Signs  at   intersection  of  IH-10  and   IH-35  be  made  clear.      It    is 
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difficult  to  determine  which  lane  is  exit  lane.  Northbound  exits  well 
marked.  Only  southbound  difficult. 

2.  Southbound  one  can  end  up  headed  to  Kelly  AFB  instead  of  IH-35  if  they  are 
not  paying  close  attention  to  the  signs. 

3.  I  seem  to  find  myself  in  the  wrong  lane  when  I  get  to  the  exit  I  want  to 
turn  off  on  Route  A.  The  exit  signs  do  not  seem  to  be  in  the  order  I 
expect  them  to  be  and  if  the  exit  proves  to  be  to  the  left  instead  of  the 
right,  I  will  miss  it  e^ery   time.   I  do  not  know  if  I  am  not  reading  the 
pattern  right  or  if  the  signs  are  not  in  the  usual  order.  I  do  not  seem 
to  have  the  problem  on  other  routes. 

4.  Often  find  myself  in  wrong  lane  to  change  from  1-35  to  1-10. 

5.  Too  many  exit  ramps  for  what  is  supposedly  a  thru  route  (1-35).  That  is, 
have  to  get  off  onto  1-10,  then  onto  1-35,  then  back  onto  1-35  again. 

6.  Being  new  in  town  in  January,  did  not  know  that  while  a  sign  showed  "35 
south",  there  is  no  "35  north"  at  that  point  (just  81  or  87  north).  Very 
confusing  for  a  new  person  in  town  who  knows  how  to  read  a  map.  Just  the 
problem  of  confusion  that  a  San  Antonio  map  shows  35  and  81  with  37  a  few 
miles  east,  but  while  traveling  east  on  90,  see  35  south,  expect  next  to 
to  be  35  north i  instead,  see  81  or  87  north  business.  To  add  to 
confusion,  a  few  miles  east  see  35  N  and  37  N.  Took  a  few  trips  downtown 
and  talk  with  local  people  to  learn  what's  going  on.  But  now  I  like  35  N 
from  90  W  for  downtown. 

7.  I  miss  signs  because  of  the  concentration  required  to  avoid  an  accident. 
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APPENDIX  F 

1-35  RE-ROUTING  EFFECTS  ON  FREEWAY  TRAFFIC  VOLUMES- 
STUDY  APPROACH 


Objectives 

The  purpose  of  these  studies  was  to  estimate  the  long-term  effects  of  the 
sign  changes  in  terms  of  total  volume  changes  on  the  primary  and  diversion 
routes.  Whereas  the  studies  previously  discussed  focused  on  northbound  1-35 
unfamiliar  drivers  traveling  thru  the  city,  this  study  was  designed  to  assess 
additional  impacts  such  as  the  increased  use  of  the  diversion  route  by  US-90 
and  1-10  traffic  and  by  local  drivers  who  now  recognized  the  attractiveness  of 
the  new  route. 

Approach 

The  overall  impact  on  the  primary  and  diversion  routes  was  assessed  by 
analyzing  volume  data  from  automatic  traffic  counters  located  within  the 
study  area.  In  addition  to  four  permanent  SDHPT  traffic  counters  (two  on  each 
route)  located  within  the  study  area,  four  new  counters  were  installed.  One 
was  positioned  on  northbound  1-35  near  Theo  Avenue  upstream  from  the 
1-35/1-10/  US-90  interchange.  The  other  three  counters  were  installed  on  the 
interchange  ramps  along  Route  B— the  I-35/I-10E,  I-10/I-37,  and  1-37,1-35 
interconnect  ramps.  The  locations  of  the  counters  are  shown  in  Figure  46. 

A  variety  of  traffic  volume  counts  from  the  permanent  SDHPT  counters  were 
analyzed  over  a  two-year  period,  including  four  months  after  the  signs  were 
changed.  It  was  envisioned  that  ramp  volumes  might  be  more  sensitive  to  the 
relatively  small  volume  changes  (in  comparison  to  total  freeway  volumes)  ex- 
pected after  the  signs  were  changed.  Unfortunately,  unavoidable  delays  in 
equipment  installation  and  occasional  hardware  malfunctions  limited  the  use- 
fulness of  the  data  from  the  ramp  locations. 

Because  there  was  a  considerable  delay  in  obtaining  the  counters  from  the 
manufacturer,  the  SDHPT  installed  some  of  their  counters  at  the  necessary 
locations.  Unfortunately,  prior  commitments  for  the  use  of  the  counters  re- 
quired that  they  be  removed  to  other  locations  at  irregular  intervals.  While 
these  counters  were  in  place  in  the  study  area,  there  were  equipment  malfunc- 
tions that  further  reduced  the  adequacy  of  the  data  obtained. 

A  thorough  analysis  was  performed  on  all  data  received.  Apparently,  the 
extreme  variability  in  ramp  volumes  overshadowed  any  change  that  could  be 
attributed  to  the  redesignation.  This  variability,  coupled  with  limited  data 
availability,  provided  inconclusive  results  regarding  the  effect  of  the  sign 
changes. 
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Traffic  Counter 


Figure  46 


.  Automatic  Counter  Locations 
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Another  mitigating  factor  was  that  before  and  after  studies  were 
conducted  out  of  necessity  during  months  in  which  the  number  of  non-local 
drivers  was  relatively  low  in  comparison  to  other  months,  particularly  the 
summer.  In  the  opinion  of  the  authors,  the  amount  of  thru  traffic  using  the 
diversion  route  will  most  likely  be  higher  in  the  summer  months  than  what  was 
measured  in  January.  Again,  a  more  extensive  0-D  survey  during  the  summer 
would  enhance  the  evaluation  of  the  sign  changes. 
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APPENDIX  G 

SIGN  OPERATION  REVIEW 
FOR  SAN  ANTONIO  POLICE  DISPATCHERS 


General 

The  purpose  of  the  emergency  warning  sign  system  installed  on  1-35  north- 
bound between  Military  Drive  and  Division  Avenue  is  to  advise  motorists  of 
freeway  conditions  ahead  and,  when  conditions  warrant,  to  advise  them  of 
alternate  routes  available  to  bypass  congestion  resulting  from  accidents  or 
freeway  blockages.  The  attached  tables  describe  the  messages  available  for 
display  and  provide  a  quick  reference  guide  to  the  appropriate  message  for 
various  conditions.  Also  included  is  a  guide  to  the  Display  Numbers  for  each 
sign  that  correspond  to  each  Message  Number. 

Message  List 

Attachment  A  shows  the  messages  contained  in  the  computer  memory  of  each 
sign.  For  greatest  effectiveness,  the  signs  must  be  used  in  combination. 
Thus,  each  message  combination  is  assigned  an  individual  Message  Number. 
Sign  1  is  the  first  sign  the  northbound  driver  will  see,  and  is  located  just 
south  of  the  Southcross  exit.  Sign  2  is  just  south  of  the  Division  exit. 

Message  Selection  Gu|de 

Attachment  B  is  an  index  or  reference  guide  to  the  messages  available  on 
Attachment  A.  Based  on  the  location  of  the  accident  or  blockage  and  the  loca- 
tion to  which  traffic  is  backed  up,  the  officer  can  readily  select  the  Message 
Number  most  appropriate  for  the  conditions.  There  are  four  sheets  in  Attach- 
ment B,  each  relating  to  a  different  time  of  day  (A.M.  Peak  or  Off-Peak)  or  to 
number  of  lanes  blocked  (1-lane  Blocked  or  All  Lanes  Blocked).  This  guide  has 
been  prepared  in  coordination  with  Captain  Nichols  and  the  staff  of  the  Traf- 
fic Division.  The  officer  is  encouraged  to  use  this  guide  to  his  maximum  ad- 
vantage. There  may  be  occasions  when  the  officer  in  the  field  feels  that  some 
message  other  than  the  one  recommended  would  be  better.  He  is  encouraged  to 
go  with  his  best  judgment.  However,  since  this  is  a  research  project,  deci- 
sions to  deviate  from  the  guide  should  be  briefly  explained  on  the  report  to 
the  Accident  Prevention  Bureau  so  that  overall  operation  of  the  signs  can  be 
evaluated  and  improved. 

Special  Situations 

The  officer's  attention  is  called  to  some  special  situations.  In  Attach- 
ment B  there  is  more  than  one  message  option  for  accidents  occurring  at,  or 
south  of,  the  interchange  with  IH-10  East.  The  Message  Numbers  in  parentheses 
refer  to  general  messages  that  do  not  state  which  lane  is  blocked.  The 
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numbers  separated  by  an  "*"  refer  to  messages  stating  which  lane  is  blocked. 
"LEFT  LANE  BLOCKED"  messages  are  the  left  numbers  in  each  square  and  "RIGHT 
LANE  BLOCKED"  are  the  right  Message  Numbers.  For  example,  an  accident 
blocking  one  lane  of  IH-10E  during  the  A.M.  Peak  (page  1)  with  traffic  backed 
up  to  Division  would  require  either  Message  Numbers  46,  47,  or  50  (see 
Attachment  A  for  message  content  of  each). 

Pages  3  and  4  of  Attachment  B  contain  an  additional  option  for  conditions 
requiring  closure  of  the  freeway  by  police  personnel.  The  smaller  number  in 
each  square  (Message  Numbers  6,  7,  8,  and  9)  change  the  sign  displays  from  an 
advisory  message  to  a  requirement  to  exit  at  IH-10E  or  US-90.  Compare  the 
Message  Numbers  in  the  various  squares  to  see  how  message  content  changes.  It 
should  be  emphasized  that  Messages  6  thru  9  are  used  only  when  police  forces 
physically  close  the  freeway  at  IH-10E. 

Dispatcher's  Guide  to  Display  Numbers 

Although  it  is  important  for  the  Dispatcher  to  understand  the  field  oper- 
ations discussed  above,  as  sign  operator,  he  will  work  primarily  with  Attach- 
ment C.  This  guide  identifies  the  Display  Numbers  that  must  be  input  to  each 
sign  to  form  the  complete  message  described  by  a  Message  Number.  The  proce- 
dure for  displaying  messages  is  outlined  in  the  next  section. 

Message  Display  Procedure 

Attachment  D  describes  the  procedures  necessary  to  display  and  to  blank 
messages.  It  should  be  emphasized  that  both  signs  should  be  used  together  to 
avoid  conflicting  information. 

Special  Instructions 

i     <'    I    ■■■■■■  >m  ^mm    ■■■!    ■■■■■  ■  m     ■    ■ 

Case  Numbers--In  addition  to  the  input  of  time  of  display  (as  part  of  the 
display  procedures),  it  is  also  important  for  the  dispatcher  to  write  either 
the  case  number  or  the  date  on  the  teletype  printout.  This  will  be  used  to 
tie  the  information  displayed  to  a  particular  incident. 

Rub-Out  Feature--There  may  be  occasions  where  the  dispatcher  inadver- 
tently types  the  wrong  letter  or  number  on  the  teletype  and  realizes  the  mis- 
take before  a  message  is  displayed.  If  this  happens,  the  "RUB  OUT"  button  on 
the  right  side  of  the  keyboard  can  be  used  to  correct  the  mistake.  This  but- 
ton should  be  pressed  once  for  each  character  or  space  that  is  incorrect. 
This  essentially  backspaces  to  let  the  dispatcher  start  over  anywhere  he 
chooses.  Once  the  incorrect  inputs  have  been  "rubbed  out"  the  correct  inputs 
can  be  made  without  further  changes. 

Reset  Timing--If  power  to  the  signs  goes  out,  the  time  clock  in  the  sign 
computer  will  stop.  When  the  "T"  and  "RETURN"  buttons  are  pressed,  the  tele- 
type will  print  out  the  time  on  the  time  clocks  followed  by  "NEW  TIME  ."  If 
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the  time  shown  is  incorrect,  type  in  the  new  time  in  Hours,  Minutes,  Seconds, 
and  AM  or  PM.  For  example: 

8:42:01AM  NEW  TIME  >  11:14:00PM. 

Any  questions  regarding  these  special  instructions  should  be  forwarded  to 
Sgt.  Abate. 

In  order  to  effectively  operate  this  emergency  warning  sign  system  and  to 
make  improvements  that  will  undoubtedly  be  necessary,  the  input  from  all 
officers  is  vital.  Please  forward  any  and  all  suggestions  to  Sgt.  Abate. 
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MESSAGES 


ATTACHMENT  A 


OJ 

(TJ  CD 
1/1  XI 
m  E 

£^         Sign  1 

Sign  2 

0J 
CD  J- 

on  E 

Sign  1 

Sign  2 

1  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

21 

ACCIDENT  AT  COMMERCE 

ACCIDENT  AT  COMMERCE 

2 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

22 

ACCIDENT  AT  COMMERCE 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

3  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

23 

ACCIDENT  AT  COMMERCE 
DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

4  ACCIDENT  AHEAD 

BE  PREPARED  TO  STOP 

ACCIDENT  AHEAD 

BE  PREPARED  TO  STOP 

24 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  COMMERCE 
DOWNTOWN  USE  IH-10  /  IH-37 

AVOID  MAJOR  DELAY 

5  ACCIDENT  NORTH  OF  I-lOE 

ACCIDENT  NORTH  OF  I-lOE 

25 

ACCIDENT  AT  COMMERCE 
DOWNTOWN  USE  IH-10  /  IH-37 

ACCIDENT  AT  COMMERCE 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

6  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AHEAD 
ALL  TRAFFIC  MUST  EXIT 
IH-10  EAST— US  90  WEST 

26 

ACCIDENT  AT  DURANGO 

ACCIDENT  AT  DURANGO 

7  FWY  BLOCKED  AHEAD 
ALL  TRAFFIC  MUST  EXIT 
IH-10  EAST— US  90  WEST 

FWY  BLOCKED  AHEAD 
ALL  TRAFFIC  MUST  EXIT 
IH-10  EAST--US  90  WEST 

27 

ACCIDENT  AT  DURANGO 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

8  FWY  CLOSED  AT  IH-10E--US-90 
ALL  TRAFFIC  MUST  EXIT 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

28 

ACCIDENT  AT  DURANGO 
DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

9  FWY  CLOSED  AT  IH-10E— US-90 
ALL  TRAFFIC  MUST  EXIT 

FWY  CLOSED  AT  IH-10E—US-90 
ALL  TRAFFIC  MUST  EXIT 

29 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  DURANGO 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

10  DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

30 

ACCIDENT  AT  DURANGO 
DOWNTOWN  USE  IH-10  /  IH-37 

ACCIDENT  AT  DURANGO 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

11  ACCIDENT  AT  ST.  MARYS 

ACCIDENT  AT  ST.  MARYS 

31 

ACCIDENT  AT  ALAMO  ST. 

ACCIDENT  AT  ALAMO  ST. 

12  ACCIDENT  AT  ST.  MARYS 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

32 

ACCIDENT  AT  ALAMO  ST. 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

13  ACCIDENT  AT  ST.  MARYS 

DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

33 

ACCIDENT  AT  ALAMO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

14  SLOW  TRAFFIC  AHEAD 
B£  PREPARED  TO  STOP 

ACCIDENT  AT  ST.  MARYS 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

34 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  ALAMO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

15  ACCIDENT  AT  ST.  MARYS 

DOWNTOWN  USE  IH-10  /  IH-37 

ACCIDENT  AT  ST.  MARYS 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

35 

ACCIDENT  AT  ALAMO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 

ACCIDENT  AT  ALAMO  ST.       I 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

16  ACCIDENT  AT  IH-10  WEST 

ACCIDENT  AT  IH-10  WEST 

36 

ACCIDENT  AT  LAREDO  ST. 

ACCIDENT  AT  LAREDO  ST. 

17  ACCIDENT  AT  IH-10  WEST 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

37 

ACCIDENT  AT  LAREDO  ST. 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

18  ACCIDENT  AT  IH-10  WEST 

DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

38 

ACCIDENT  AT  LAREDO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

19  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  IH-10  WEST 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

39 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  LAREDO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

20  ACCIDENT  AT  IH-10  WEST 

DOWNTOWN  USE  IH-10  /  IH-37 

ACCIDENT  AT  IH-10  WEST 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

40 

ACCIDENT  AT  LAREDO  ST. 
DWTN  TRAFFIC  USE  I-10/I-37 

ACCIDENT  AT  LAREDO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 
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Message 
Number 

3 

Sign  2 

ra    QJ 

Sign  1 

Sign  2 

41  ACCIDENT  AT  STOCKYARD 

ACCIDENT  AT  STOCKYARD 

61 

ACCIDENT  AT  DIVISION 
LEFT  LANE  BLOCKED 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

42  ACCIDENT  AT  STOCKYARD 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

62 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  DIVISION 
LEFT  LANE  BLOCKED 

43  ACCIDENT  AT  STOCKYARD 

DOWNTOWN  USE  IH-10 7  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

63 

ACCIDENT  AT  DIVISION 
LEFT  LANE  BLOCKED 

ACCIDENT  AT  DIVISION 
LEFT  LANE  BLOCKED 

44  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  STOCKYARD 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

64 

ACCIDENT  AT  DIVISION 
RIGHT  LANE  BLOCKED 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

45  ACCIDENT  AT  STOCKYARD 

DOWNTOWN  USE  IH-10  /  IH-37 

ACCIDENT  AT  STOCKYARD 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

65 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  DIVISION 
RIGHT  LANE  BLOCKED 

46  ACCIDENT  AT  IH-10  EAST 

ACCIDENT  AT  IH-10  EAST 

66 

ACCIDENT  AT  DIVISION 
RIGHT  LANE  BLOCKED 

ACCIDENT  AT  DIVISION 
RIGHT  LANE  BLOCKED 

47  ACCIDENT  AT  IH-10  EAST 
LEFT  LANE  BLOCKED 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

67 

ACCIDENT  AT  SOUTHCROSS 

48  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  IH-10  EAST 
LEFT  LANE  BLOCKED 

68 

ACCIDENT  AT  SOUTHCROSS 
LEFT  LANE  BLOCKED 

49  ACCIDENT  AT  IH-10  EAST 
LEFT  LANE  BLOCKED 

ACCIDENT  AT  IH-10  EAST 
LEFT  LANE  BLOCKED 

69 

ACCIDENT  AT  SOUTHCROSS 
CENTER  LANE  BLOCKED 

50  ACCIDENT  AT  IH-10  EAST 
RIGHT  LANE  BLOCKED 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

70 

ACCIDENT  AT  SOUTHCROSS 
RIGHT  LANE  BLOCKED 

51  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  IH-10  EAST 
RIGHT  LANE  BLOCKED 

71 

FWY  BLOCKED  AT  ST.  MARYS 

FWY  BLOCKED  AT  ST.  MARYS 

52  ACCIDENT  AT  IH-10  EAST 
RIGHT  LANE  BLOCKED 

ACCIDENT  AT  IH-1-  EAST 
RIGHT  LANE  BLOCKED 

72 

FWY  BLOCKED  AT  ST.  MARYS 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

53  ACCIDENT  AT  THEO 

ACCIDENT  AT  THEO 

73 

FWY  BLOCKED  AT  ST.  MARYS 
DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

54  ACCIDENT  AT  THEO 
LEFT  LANE  BLOCKED 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

74 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AT  ST.  MARYS 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

55  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  THEO 
LEFT  LANE  BLOCKED 

75 

FWY  BLOCKED  AT  ST.  MARYS 
DOWNTOWN  USE  IH-10  /  IH-37 

FWY  BLOCKED  AT  ST.  MARYS 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

56  ACCIDENT  AT  THEO 
LEFT  LANE  BLOCKED 

ACCIDENT  AT  THEO 
LEFT  LANE  BLOCKED 

76 

FWY  BLOCKED  AT  IH-10  WEST 

FWY  BLOCKED  AT  IH-10  WEST 

57  ACCIDENT  AT  THEO 
RIGHT  LANE  BLOCKED 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

77 

FWY  BLOCKED  AT  IH-10  WEST 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

58  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

ACCIDENT  AT  THEO 
RIGHT  LANE  BLOCKED 

78 

FWY  BLOCKED  AT  IH-10  WEST 
DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

59  ACCIDENT  AT  THEO 
RIGHT  LANE  BLOCKED 

ACCIDENT  AT  THEO 
RIGHT  LANE  BLOCKED 

79 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AT  IH-10  WEST 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

60  ACCIDENT  AT  DIVISION 

ACCIDENT  AT  DIVISION 

80 

FWY  BLOCKED  AT  IH-10  WEST 
DOWNTOWN  USE  IH-10  /  IH-37 

FWY  BLOCKED  AT  IH-10  WEST 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY          | 
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Message 
Number 

(£3 

=3 

Sign  2 

CD 
en  s- 

m   cd 

c/i  E 

CD  3 

Sign  1 

Sign  2 

81  FWY  BLOCKED  AT  COMMERCE 

FWY  BLOCKED  AT  COMMERCE 

101 

FWY  BLOCKED  AT  STOCKYARD 

FWY  BLOCKED  AT  STOCKYARD 

82  FWY  BLOCKED  AT  COMMERCE 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

102 

FWY  BLOCKED  AT  STOCKYARD 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

83  FWY  BLOCKED  AT  COMMERCE 
DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

103 

FWY  BLOCKED  AT  STOCKYARD 
DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

84  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AT  COMMERCE 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

104 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AT  STOCKYARD 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

85  FWY  BLOCKED  AT  COMMERCE 
DOWNTOWN  USE  IH-10  /  IH-37 

FWY  BLOCKED  AT  COMMERCE 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

105 

FWY  BLOCKED  AT  STOCKYARD 
DOWNTOWN  USE  IH-10  /  IH-37 

FWY  BLOCKED  AT  STOCKYARD 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

86  FWY  BLOCKED  AT  DURANGO 

FWY  BLOCKED  AT  DURANGO 

106 

FWY  BLOCKED  AT  IH-10  EAST 

FWY  BLOCKED  AT  IH-10  EAST 

87  FWY  BLOCKED  AT  DURANGO 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

107 

FWY  BLOCKED  AT  IH-10  EAST 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

88  FWY  BLOCKED  AT  DURANGO 

DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

108 

FWY  BLOCKED  AT  IH-10  EAST 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

89  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AT  DURANGO 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

109 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AT  IH-10  EAST 

90  FWY  BLOCKED  AT  DURANGO 

DOWNTOWN  USE  IH-10  /  IH-37 

FWY  BLOCKED  AT  DURANGO 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

110 

91  FWY  BLOCKED  AT  ALAMO  ST. 

FWY  BLOCKED  AT  ALAMO  ST. 

111 

FWY  BLOCKED  AT  THEO 

FWY  BLOCKED  AT  THEO 

92  FWY  BLOCKED  AT  ALAMO  ST. 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

112 

FWY  BLOCKED  AT  THEO 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

93  FWY  BLOCKED  AT  ALAMO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

113 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AT  THEO 

USE  ACCESS  RD  FOR  BYPASS 

94  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AT  ALAMO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

114 

FWY  BLOCKED  AT  THEO 

USE  ACCESS  RD  FOR  BYPASS 

FWY  BLOCKED  AT  THEO 

USE  ACCESS  RD  FOR  BYPASS 

95  FWY  BLOCKED  AT  ALAMO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 

FWY  BLOCKED  AT  ALAMO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

115 

FWY  BLOCKED  AT  DIVISION 

FWY  BLOCKED  AT  DIVISION 

96  FWY  BLOCKED  AT  LAREDO  ST. 

FWY  BLOCKED  AT  LAREDO  ST. 

116 

FWY  BLOCKED  AT  DIVISION 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

97  FWY  BLOCKED  AT  LAREDO  ST. 

DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

117 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AT  DIVISION 
USE  ACCESS  RD  FOR  BYPASS 

98  FWY  BLOCKED  AT  LAREDO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 

SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

118 

FWY  BLOCKED  AT  DIVISION 
USE  ACCESS  RD  FOR  BYPASS 

FWY  BLOCKED  AT  DIVISION 
USE  ACCESS  RD  FOR  BYPASS 

99  SLOW  TRAFFIC  AHEAD 
BE  PREPARED  TO  STOP 

FWY  BLOCKED  AT  LAREDO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

119 

FWY  BLOCKED  AT  SOUTHCROSS 

100  FWY  BLOCKED  AT  LAREDO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 

FWY  BLOCKED  AT  LAREDO  ST. 
DOWNTOWN  USE  IH-10  /  IH-37 
AVOID  MAJOR  DELAY 

120 

FWY  BLOCKED  AT  SOUTHCROSS 
USE  ACCESS  RD  FOR  BYPASS 
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MESSAGE  SELECTION 
PATROL  GUIDE 

A.M.   Peak--1  Lane  Blocked 
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MESSAGE  SELECTION 
PATROL  GUIDE 

Off-Peak-- 1  Lane  Blocked 
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MESSAGE  SELECTION 
PATROL  GUIDE 

Off-Peak--All  Lanes  Blocked 
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MESSAGE  SELECTION 
PATROL  GUIDE 

A.M.  Peak— All  Lanes  Blocked 
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CHANGEABLE  MESSAGE  SIGNS 
DISPATCHER'S  GUIDE 

General  Messages 


ATTACHMENT  C 
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CHANGEABLE  MESSAGE  SIGNS 
DISPATCHER'S  GUIDE 

Accident— 1  Lane  Blocked 
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CHANGEABLE  MESSAGE  SIGNS 
DISPATCHER'S  GUIDE 

Accident—All  Lanes  Blocked 
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ATTACHMENT  D 
MESSAGE  DISPLAY  PROCEDURE 


To  Display  Messages 

1.  Turn  teletype  switch  to  "LINE"  position 

2.  Call  Sign  1  (924-3822) 

3.  Listen  for  tone 

4.  Connect  telephone  receiver  (MAKE  SURE  GREEN  LIGHT  IS  ON) 

5.  Press  "RETURN"  button 

6.  Press  "D"  button  and  number  for  Sign  1  (see  Dispatcher's  Guide) 

7.  Press  "RETURN" 

8.  Press   "T" 

9.  Press  "RETURN" 

10.  Wait  until   printer  stops 

11.  Press  "RETURN" 

12.  Disconnect  receiver 

13.  Hang  up  phone 

14.  Call  Sign  2  (924-3602) 

15.  Listen  for  tone 

16.  Connect  telephone  receiver  (MAKE  SURE  GREEN  LIGHT  IS  ON) 

17.  Press  "RETURN" 

18.  Press  "D"  button  and  number  for  Sign  2  (see- Dispatcher's  Guide) 

19.  Press  "RETURN" 

20.  Press  "T" 

21.  Press  "RETURN" 

22.  Wait  until   printer  stops 

23.  Press   "RETURN" 

24.  Disconnect  receiver 

25.  Hang  up  phone 

26.  Turn  teletype  switch  to  "OFF". 
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To  Turn  Signs  Off 

1.  Turn  teletype  switch  to  "LINE"  position 

2.  Call  Sign  1  (924-3822) 

3.  Listen  for  tone 

4.  Connect  telephone  receiver  (MAKE  SURE  GREEN  LIGHT  IS  ON) 

5.  Press  "RETURN"  button 

6.  Press  "D"  button  and  "0"  button 

7.  Press  "RETURN" 

8.  Press  "T" 

9.  Press  "RETURN" 

10.  Wait  until  printer  stops 

11.  Press  "RETURN" 

12.  Disconnect  telephone  receiver 

13.  Hang  up  phone 

14.  Call  Sign  2  (924-3602) 

15.  Listen  for  tone 

16.  Connect  telepohone  receiver  (MAKE  SURE  GREEN  LIGHT  IS  ON) 

17.  Press  "RETURN"  button 

18.  Press  "D"  button  and  "0"  button 

19.  Press  "RETURN" 

20.  Press  "T" 

21.  Press  "RETURN" 

22.  Wait  until  printer  stops 

23.  Press  "RETURN" 

24.  Disconnect  telephone  receiver 

25.  Hang  up  phone 

26.  Turn  teletype  switch  to  "OFF"  position 
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APPENDIX  H 
SOME  EFFECTS  OF  BOTTLENECKS 


Consider  a  section  of  freeway  as  shown  in  Figure  47.  Assuming  similar 
geometries,  the  volume-density  relationship  at  locations  A  and  B  are  similar 
and  can  be  represented  by  the  upper  curve  in  Figure  48.  The  highpoint  on  the 
curve  represents  the  average  maximum  volume  (or  capacity).  If  a  lane-blocking 
incident  occurs  at  A,  then  the  relationship  at  A  would  be  similar  to  the  lower 
curve  in  Figure  48. 

Figure  48  also  illustrates  the  effects  of  the  incident.  As  long  as  the 
traffic  demand  at  B  is  less  than  the  bottleneck  capacity  at  A,  no  significant 
congestion  will  occur.  However,  as  the  demand  increases  from  (T)  to  (T),  the 
traffic  density  at  the  bottleneck  increases  much  more  rapidly  than  that  up- 
stream. As  the  traffic  demand  rises  to  (3),  the  speed  at  the  bottleneck  drops 
rapidly  and  the  flow  is  limited  to  the  maximum  volume  on  the  lower  curve.  If 
more  traffic  arrives,  it  accumulates  and  forms  a  queue  that  propagates  up- 
stream. As  the  queue  passes  freeway  location  B,  the  conditions  at  B  rapidly 
change  from  (7)  to  (z).  This  change  can  happen  quite  suddenly  and  it  involves 
an  abrupt  drop  in  speed  and  rise  in  traffic  density  with  little  change  in  flow 
(volume).  The  freeway  at  B  will  then  operate  in  a  manner  depicted  by  the 
right  side  of  the  upper  curve  in  Figure  48--high  density  and  low  volumes.  As 
the  traffic  demand  continues  to  be  greater  than  the  bottleneck  capacity,  the 
congestion  will  continue  to  propagate  upstream  from  B. 

Congestion  represents  the  storage  of  vehicles  on  the  freeway  caused  when 
demand  exceeds  the  capacity  (i.e.,  when  more  vehicles  attempt  to  use  the  free- 
way than  can  be  accommodated).  Vehicle  storage  is  illustrated  by  Figures  49 
and  50.  Figure  49  shows  the  superimposed  input  rate  (approaching  traffic 
demand)  and  output  rate  (satisfied  demand)  of  a  typical  freeway  section.  If 
vehicles  enter  the  system  at  a  rate  i(t)  and  leave  at  a  rate  o(t),  they  are 
being  accumulated  or  stored  in  the  freeway  section  at  a  rate  s(t)=i(t)-o(t) . 
The  vertical  distance  between  the  curves  is  the  storage  rate,  s(t).  For  the 
time  period  tg  to  ti,  the  storage  rate  is  positive.  During  this  period 
the  number  of  vehicles  in  the  freeway  section  increases  at  the  rate  s(t).  At 
ti,  the  freeway  demand  drops  below  the  bottleneck  capacity.  From  ti  to 
t2  the  queued  vehicles  are  clearing  from  the  section  and  congestion  is  dis- 
sipating, during  which  the  storage  rate  is  negative. 

The  effects  of  traffic  demands  exceeding  the  bottleneck  capacity  is  fur- 
ther illustrated  in  Figure  50.  Note  that  congestion  lasts  from  tg  to  t? 
and  motorists  entering  the  freeway  section  during  this  time  experience  delay. 
If,  during  this  time,  we  were  to  observe  a  motorist  entering  one  of  the 
on-ramps  of  the  freeway  section  shown  in  Figure  47  and  destined  to  leave  the 
freeway  at  the  exit  ramp,  his  normal  progress  will  be  delayed  by  the  backup. 
He  will  not  arrive  at  the  ramp  during  the  same  time  frame  as  usual.  Prior  to 
tg  and  after  t2,  motorists  entering  the  freeway  are  not  delayed. 
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Figure  47  -  Schematic  of  Freeway  Section 
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Figure  48 -Traffic  Behavior  Near  a  Bottleneck 
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Figure  49  -  Input-Output  Rate  Versus  Time 
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Figure  50  -  Storage  of  Vehicles  on  a  Freeway 
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The  important  point  of  this  discussion  is  that  true  demand  for  the  exit 
ramp  can  only  be  measured  by  beginning  the  analysis  period  at  or  before 
to  (i.e.,  when  there  is  no  traffic  buildup)  and  extending  the  analysis  until 
at  least  t2  (i.e.,  when  the  back-up  or  congestion  dissipates).  A  shorter 
analysis  period  would  result  in  an  assessment  of  the  number  of  drivers  who 
actually  use  the  ramp  during  this  time  period,  and  not  those  who  wanted 
(demand)  to  use  it,  but  were  delayed  and  stored  in  the  freeway  backup. 
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APPENDIX  I 
INCIDENT  CASE  STUDIES 
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Figure  51  -  Incident  Case  Study  1 
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Figure  52  -  Incident  Case  Study  2 
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Figure  53  -  Incident  Case  Study  3 
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Figure  54  -  Incident  Case  Study  4 
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APPENDIX  J 
REVISED  MESSAGE  GUIDE 


As  discussed  in  previous  Chapters,  one  problem  was  that  the  patrol 
officers  and  dispatchers  were  experiencing  difficulty  in  efficiently  operating 
the  CMS  system  because  of  two  factors:  unfamiliarity  with  hardware,  and  the 
extremely  heavy  workload  in  the  normal  process  of  taking  care  of  the  accident 
itself. 

In  an  attempt  to  reduce  dispatcher  workload  and  improve  performance,  con- 
sideration was  given  to  condensing  incident  location  information  to  reduce  the 
number  of  messages.  Basically  only  two  categories  of  incident  locations 
exist—those  where  diversion  is  practical  (north  of  I-10E/US-90W)  and  those 
where  diversion  is  not  practical  (south  of  I-10E/US-90W) .  All  diversion- 
related  messages  were  therefore  consolidated  by  eliminating  any  reference  to 
incident  location.  Similar  changes  were  made  to  all  non-diversion  messages. 
The  resulting  set  of  messages  is  shown  in  an  abbreviated,  operator-oriented 
form  in  Figure  57.  The  basic  texts  of  the  messages  were  not  changed  other 
than  eliminating  references  to  locations. 
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Figure  57  -  A  Revised  and  Abbreviated  Message  Selection 
Guide  Keyed  to  Incident  Location 
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APPENDIX  K 

LICENSE  PLATE  SURVEY  ACCURACY 
A  CASE  STUDY 


Because  of  the  concern  about  the  accuracy  of  the  nighttime  license  plate 
0-D  studies,  a  supplementary  study  was  conducted  to  determine  how  well  the 
technique  and  the  computer  license  plate  matching  program  worked. 

License  plate  data  from  the  March  17  and  18,  1980  studies  were  matched 
manually.  Care  was  exercized  in  matching  obvious  reading  and  interpretation 
errors.  For  example,  RDX  899  read  at  the  1-35  input  station,  may  have  been 
incorrectly  read  as  RBX  899  at  one  of  the  output  stations.  By  using  normal 
travel  time  information  and  scrutinizing  the  data  to  recognize  license  numbers 
of  other  vehicles  traveling  the  same  route  about  the  same  time,  it  was  easy 
(but  time  consuming)  to  make  the  appropriate  matches  manually. 

Table  25  summarizes  the  results  of  the  analysis.  The  number  of  license 
plate  matches  between  the  origin  (1-35  at  Theo)  and  three  primary  destinations 
(1-35  at  St.  Mary's,  I-10E/I-37  ramp,  and  I-35/I-10W  ramp)  is  shown  for  the 
manual  approach  and  a  computer  matching  routine  (i.e.,  the  number  of  matches 
that  would  have  been  noted  by  the  computer).  Also  shown  is  the  percent  of 
matches  that  would  have  been  missed  (errors)  by  the  computer  approach. 

The  data  show  that  the  percent  of  vehicles  that  would  have  been  missed  by 

the  computer  program  (errors)  ranged  between  23%  and  45%.  The  percent  error 

for  the  March  17th  study  averaged  31%  while  on  March  18,  averaged  35%.   The 
average  across  both  days  was  34%. 

Although  the  study  was  conducted  at  night,  there  is  reason  to  believe 
that  comparable  errors  will  occur  during  daytime  license  plate  0-D  studies. 
Most  of  the  vehicles  that  the  computer  program  would  have  failed  to  match 
resulted  from  interpretation  errors  of  similar  sounding  letters  from  the  cas- 
sette tapes,  errors  in  the  field  when  observers  interchanged  numbers  or  let- 
ters, or  when  they  simply  did  not  read  the  plate  correctly.  All  three  prob- 
lems are  affected  by  the  requirement  to  read  license  plates  of  high-speed, 
high-volume  traffic.  The  first  problem  is  also  affected  by  the  quality  of  the 
observers'  speaking  voices.  Lighting  conditions  on  the  freeway  and  on  the 
interchange  ramps  during  the  San  Antonio  studies  seemed  to  be  sufficient,  and 
vehicle  lighting  on  the  license  plates  in  most  cases  seemed  to  be  adequate. 
Therefore,  it  appears  that  license  plate  0-D  data  recorded  on  freeways  and 
high-speed  interchange  ramps  during  the  day  will  result  in  errors  comparable 
to  those  reported  herein. 
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FEDERALLY  COORDINATED  PROGRAM  (FCP)  OF  HIGHWAY 
RESEARCH  AND  DEVELOPMENT 


The  Offices  of  Research  and  Development  (R&D)  of 
the  Federal  Highway  Administration  (FHWA)  are 
responsible  for  a  broad  program  of  staff  and  contract 
research  and  development  and  a  Federal-aid 
program,  conducted  by  or  through  the  State  highway 
transportation  agencies,  that  includes  the  Highway 
Planning  and  Research  (HP&R)  program  and  the 
National  Cooperative  Highway  Research  Program 
(NCHRP)  managed  by  the  Transportation  Research 
Board.  The  FCP  is  a  carefully  selected  group  of  proj- 
ects that  uses  research  and  development  resources  to 
obtain  timely  solutions  to  urgent  national  highway 
engineering  problems.* 

The  diagonal  double  stripe  on  the  cover  of  this  report 
represents  a  highway  and  is  color-coded  to  identify 
the  FCP  category  that  the  report  falls  under.  A  red 
stripe  is  used  for  category  1,  dark  blue  for  category  2, 
light  blue  for  category  3,  brown  for  category  4,  gray 
for  category  5,  green  for  categories  6  and  7,  and  an 
orange  stripe  identifies  category  0. 

FCP  Category  Descriptions 

1.  Improved  Highway  Design  and  Operation 
for  Safety 

Safety  R&D  addresses  problems  associated  with 
the  responsibilities  of  the  FHWA  under  the 
Highway  Safety  Act  and  includes  investigation  of 
appropriate  design  standards,  roadside  hardware, 
signing,  and  physical  and  scientific  data  for  the 
formulation  of  improved  safety  regulations. 

2.  Reduction  of  Traffic  Congestion,  and 
Improved  Operational  Efficiency 

Traffic  R&D  is  concerned  with  increasing  the 
operational  efficiency  of  existing  highways  by 
advancing  technology,  by  improving  designs  for 
existing  as  well  as  new  facilities,  and  by  balancing 
the  demand-capacity  relationship  through  traffic 
management  techniques  such  as  bus  and  carpool 
preferential  treatment,  motorist  information,  and 
rerouting  of  traffic. 

3.  Environmental  Considerations  in  Highway 
Design,  Location,  Construction,  and  Opera- 
tion 

Environmental  R&D  is  directed  toward  identify- 
ing and  evaluating  highway  elements  that  affect 

•  The  complete  seven-volume  official  statement  of  the  FCP  is  available  from 
the  National  Technical  Information  Service,  Springfield,  Va.  22161.  Single 
copies  of  the  introductory  volume  are  available  without  charge  from  Program 
Analysis  (HRD-3),  Offices  of  Research  and  Development,  Federal  Highway 
Administration,  Washington,  D.C.  20590. 


the  quality  of  the  human  environment.  The  goals 
are  reduction  of  adverse  highway  and  traffic 
impacts,  and  protection  and  enhancement  of  the 
environment. 

4.  Improved  Materials  Utilization  and 
Durability 

Materials  R&D  is  concerned  with  expanding  the 
knowledge  and  technology  of  materials  properties, 
using  available  natural  materials,  improving  struc- 
tural foundation  materials,  recycling  highway 
materials,  converting  industrial  wastes  into  useful 
highway  products,  developing  extender  or 
substitute  materials  for  those  in  short  supply,  and 
developing  more  rapid  and  reliable  testing 
procedures.  The  goals  are  lower  highway  con- 
struction costs  and  extended  maintenance-free 
operation. 

5.  Improved  Design  to  Reduce  Costs,  Extend 
Life  Expectancy,  and  Insure  Structural 
Safety 

Structural  R&D  is  concerned  with  furthering  the 
latest  technological  advances  in  structural  and 
hydraulic  designs,  fabrication  processes,  and 
construction  techniques  to  provide  safe,  efficient 
highways  at  reasonable  costs. 

6.  Improved  Technology  for  Highway 
Construction 

This  category  is  concerned  with  the  research, 
development,  and  implementation  of  highway 
construction  technology  to  increase  productivity, 
reduce  energy  consumption,  conserve  dwindling 
resources,  and  reduce  costs  while  improving  the 
quality  and  methods  of  construction. 

7.  Improved  Technology  for  Highway 
Maintenance 

This  category  addresses  problems  in  preserving 
the  Nation's  highways  and  includes  activities  in 
physical  maintenance,  traffic  services,  manage- 
ment, and  equipment.  The  goal  is  to  maximize 
operational  efficiency  and  safety  to  the  traveling 
public  while  conserving  resources. 

0.  Other  New  Studies 

This  category,  not  included  in  the  seven-volume 
official  statement  of  the  FCP,  is  concerned  with 
HP&R  and  NCHRP  studies  not  specifically  related 
to  FCP  projects.  These  studies  involve  R&D 
support  of  other  FHWA  program  office  research. 
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